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IMAGE DISPLAY DEVICE AND ADJUSTMENT FOR ALIGNMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to an image display device by which an 

optical image signal based on image information is projected onto a display 
means to display an image, and a method for adjusting optical elements of in 
the image display device into alignment, 

2. Description of the Prior Art 

10 Fig. 95 is a diagrammatic representation of a conventional image 

display device. Reference numeral 1 denotes a luminous element for 
emitting light; 2 denotes a parabolic reflector for reflecting the light from the 
luminous element 1 mostly into parallel rays of light; and 3 denotes a 
condenser lens for gathering the light reflected by the parabolic reflector 2. 

15 The luminous element 1, the parabolic reflector 2 and the condenser lens 3 
constitute an illumination light source system. 

Reference numeral 4 denotes a light valve for spatially intensity- 
modulating the light gathered by condenser lens 3 based on image 
information; 5 denotes a projecting optical lens for projecting the light 

20 intensity-modulated by the light valve onto a screen; and 6 denotes the screen 
for displaying, as an image, the light projected thereon by the projecting 
optical lens 5. The arrows indicate optical paths. 

Next, the operation of the prior art example will be described below. 
Light emitted from the luminous element 1 is reflected by the 

25 parabolic reflector 2 and focused through the condenser lens 3 onto the light 
valve 4. The light valve 4 spatially intensity-modulates the focused light 
based on image information. The intensity-modulated light is projected by 



the projecting optical lens 5 onto the screen 6 from behind (from the left-hand 
side in Fig. 95) and displayed thereon, A user of the image display device 
visually identifies the image from the front (from the right-hand side in Fig. 
95). 

The depth dimension of the image display device of Fig. 95 
corresponds to the distance from the illumination light source system 
composed of the luminous element 1, the parabolic reflector 2 and the 
condenser lens 3 to the screen 6. It is preferable to minimize the depth 
dimension of the image display device if the image size displayable is the 
same. For such a reason, the conventional image display device of Fig. 95 
uses a wide-angle projecting optical lens 5 to display an image on the screen 
so that the depth dimension of the display device is minimized to provide a 
flat device configuration. 

Since the projecting optical lens 5 has a limitation of increasing its 
angle of field, however, it is customary in the art, with a view to reducing the 
depth dimension, to place a plane mirror at an angle of 45 s to the horizontal to 
bend the optical path from the projecting optical lens 5, projecting an image 
onto the screen 6 as depicted in Fig. 96. 

In the image display device of Fig. 96, the illumination light source 
system, the light valve 4 and the projecting optical lens 5 are disposed in the 
direction of height of the device (in the vertical direction in Fig. 96) to reduce 
the depth dimension of the device. The depth dimension of the image 
display device in this case corresponds to the distance from the plane mirror 7 
to the screen 6. With the plane mirror 7 tilted more than 45° from the 
horizon, the depth dimension of the image display device can be further 
reduced; in this instance, however, the light valve 4 and the illumination light 
source system interfere with the projected light, and the light is shaded or 



3 

eclipsed accordingly, resulting in the light path getting out of the screen 6. 

In Japanese Patent Application Laid-Open Gazette 6-11767 there is 
disclosed an image display device of the type wherein light is reflected by a 
convex mirror is used in place of the plane mirror 7 in Fig. 96 to display a 
5 magnified image on the screen 6, but the image displayed on the screen 6 is 
distorted. 

The conventional device configurations described above impose 
limitations on the reduction of the depth dimension of the device and permit 
no further reduction. 
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SUMMARY OF THR INVENTION 

It is therefore an object of the present invention to provide an image 
display device that provides an enlarged display of distortion-free images and 
permits further reduction of its depth dimension than in the prior art. 

15 Another object of the present invention is to provide a method of 

adjusting optical elements of the image display device into alignment. 

According to an aspect of the present invention, there is provided an 
image display device which comprises projecting optical means composed of 
a reflecting part for reflecting the optical image signal, and a refracting optical 

20 part for correcting for a distortion if the reflecting part has the distortion and 
for projecting the optical image signal onto the reflecting part, and wherein 
display means receives the optical image signal through the projecting optical 
means. 

According to another aspect of the present invention, there is provided 
25 an image display device which comprises projecting optical means 
composed of a reflecting part having a reflecting surface for reflecting the 
optical image signal, and a refracting optical part having a refracting surface 
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for projecting said optical image signal onto said reflecting part, and wherein 
the display means receives the optical image signal through the projecting 
optical means and at least one of the reflecting surface and the refracting 
surface is aspherical. 

5 According to another aspect of the present invention, the transmitting 

means comprises: an illumination light source part for emitting illumination 
light; and a reflecting type image information providing part for receiving the 
illumination light emitted from the illumination light source part and for 
providing image information to the illumination light and reflecting the 
10 illumination light as the optical image signal. 

According to another aspect of the present invention, the reflecting 
part has a rotationally symmetric aspherical surface for reflecting the optical 
image signal transmitted from the transmitting means. 

According to another aspect of the present invention, the reflecting 
15 part is a convex mirror of negative power. 

According to another aspect of the present invention, the reflecting 
part is a Fresnel mirror of negative power. 

According to another aspect of the present invention, the reflecting 
part has a reflecting surface that is formed by a low dispersive medium and a 
20 high dispersive medium stacked in the direction in which to transmit the 
optical image signal sent from the transmitting means, has a negative power 
and reflects the optical image signal havingpassed through the low and high 
dispersive media. 

According to another aspect of the present invention, the reflecting 
25 part has a reflecting surface formed so that its convex curvature is large 
around an optical axis and becomes smaller toward the periphery of the 
reflecting surface. 
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According to another aspect of the present invention, the reflecting 
part has an odd-order aspherical reflecting surface obtained by adding odd- 
order terms to a polynomial composed of even-order terms. 

According to another aspect of the present invention, the refracting 
5 optical part has odd-order aspherical refracting surfaces obtained by adding 
odd-order terms to a polynomial composed of even-order terms. 

According to another aspect of the present invention, the reflecting 
part or refracting optical part reflects or refracts the optical image signal by 
the reflecting or refracting surface except around the optical axis of the 
10 reflecting or refracting part. 

According to another aspect of the present invention, the refracting 
optical part is provided with a curvature-of-field correcting means for 
canceling a curvature of field of the reflecting part. 

According to another aspect of the present invention, the refracting 
15 optical part is provided with positive lenses of positive power, negative lenses 
of negative power having a refractive index lower than that of the positive 
lens, and a Petzval's sum correcting lens for correcting for a Petzval's sum 
contributing component of said reflecting part. 

According to another aspect of the present invention, the projecting 
20 optical means has an aspherical optical surface at places where principal rays 
of the optical image signal to be projected onto the reflecting part from the 
transmitting means are divergent and/or convergent. 

According to another aspect of the present invention, the projecting 
optical means is provided with path-bending means for reflecting the optical 
25 image signal from the refracting optical part to the reflecting part, the optical 
axis of the refracting optical part being bent at an appropriate angle in a 
horizontal plane containing the optical axis of the reflecting part. 



According to another aspect of the present invention, the projecting 
optical means is provided with path-bending means for reflecting the optical 
image signal from first lens means to second lens means. 

According to another aspect of the present invention, the refracting 
optical part has at least one lens formed of synthetic resin. 

According to another aspect of he present invention, the refracting 
optical part and the reflecting part are rotationally symmetric about an optical 
axis made common to them. 

According to another aspect of the present invention, the image 
display device further comprises a plane mirror for reflecting the optical 
signal from the projecting optical means to the display means. 

According to another aspect of the present invention, a light receiving 
surface of said display means and a reflecting surface of said plane mirror are 
held in parallel to each other. 

According to another aspect of the present invention, the refracting 
optical part comprises a retro-focus optical system composed of a positive 
lens group of positive power and a negative lens group of negative power, and 
a refracting optical lens for fine-tuning the angle of emission of the optical 
image signal from the retro-focus optical system to the reflecting part. 

According to another aspect of the present invention, the retro-focus 
optical system is composed of two positive lens groups and one negative lens 
group. 

According to another aspect of the present invention, the retro-focus 
optical system is composed of one positive lens group and one negative lens 
group. 

According to another aspect of the present invertion, the refracting 
optical part comprises negative lenses having an average value of refractive 
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indexes in the range of 1.45 to 1.722 and having negative power, and positive 
lenses having an average value of refractive indexes in the range of 1.722 to 
1 .9 and having positive power. 

According to another aspect of the present invention, the refracting 
5 optical part comprises negative lenses having an average value of Abbds 
number in the range of 25 to 38 and having negative power, and positive 
lenses having an average value of Abbe's number in the range of 38 to 60 and 
having positive power. 

According to another aspect of the present invention, the refracting 
10 optical part comprises positive lenses made of glass materials and negative 
lenses made of glass materials, the difference between average refractive 
indexes of the glass materials for the positive and negative lenses is in the 
range of 0.04 to 1. 

According to another aspect of the present invention, the refracting 
15 optical part comprises positive lenses made of glass materials and negative 
lenses made of glass materials, the difference between average Abbess 
number of the glass materials for the positive and negative lenses is in the 
range of 0 to 16. 

According to another aspect of the present invention, a back focal 
20 length from the closest one of a plurality of lenses forming the refracting 
optical part to a light emitting surface of the transmitting means to the light 
emitting surface is equal to the distance from the light emitting surface of the 
transmitting means to the position of an entrance pupil of the refracting 
optical part. 

25 According to another aspect of the present invention, the projecting 

optical means has negative lenses of negative power provided at the position 
of low marginal ray. 
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According to another aspect of the present invention, the angle of 
bending the optical axis of the refracting optical part is set such that the 
refracting optical part is as close to a path from the path-bending means to the 
reflecting part as possible without intercepting the optical path. 
5 According to another aspect of the present invention, the angle of 

bending the optical axis of the first lens means is set such that the first lens 
means is as close to a path from the path-bending means to the second lens 
means as possible without intercepting the optical path. 

According to another aspect of the present invention, the shortest 
10 distance from the refracting optical part to a reflecting part placement plane is 
chosen within a range smaller than a thickness limiting value. 

According to another aspect of the present invention, the longer one of 
the longest distance from a reflecting part placement plane to the path- 
bending means and the longest distance from the reflecting part placement 
15 plane to the refracting optical part is equal to a thickness limiting value. 

According to another aspect of the present invention, the longest 
distance from a reflecting part placement plane to the path-bending means and 
the longest distance from the reflecting part placement plane to the refracting 
optical part are equal to each other. 
20 According to another aspect of the present invention, the refracting 

optical part has a shape obtained by removing a non-transmitting portion that 
does not transmit the optical image signal. 

According to another aspect of the present invention, the reflecting 
part has a shape obtained by removing a non-reflecting portion that does not 
25 reflect the optical image signal to the display means. 

According to another aspect of the present invention, the image 
display device further comprises a retaining mechanism for retaining the 
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refracting optical part and the reflecting part as a one-piece structure. 

According to another aspect of the present invention, the image 
display device further comprises a retaining mechanism for retaining the 
refracting optical part, the path-bending means and the reflecting part as a 
5 one-piece structure. 

According to another aspect of the present invention, the refracting 
optical part has positive lenses of positive power provided at the position of 
high marginal ray. 

According to another aspect of the present invention, letting hi 
10 represent the height of the marginal ray of light incident to the refracting 
optical part, hm the maximum height of the marginal ray in a positive lens 
disposed at the center of the refracting optical part and ho represent the height 
of the marginal ray of light emitted from the refracting optical part, the 
refracting optical part satisfy the relationships 1.05hi<hm<3hi and 
15 0.3hi<ho<lhi. 

According to another aspect of the present invention, the projecting 
optical means has poor optical performance in an unused area around its 
optical axis but has high image formation performance in an area to be used 
other than that around the optical axis. 
20 According to another aspect of the present invention, the projecting 

optical means is adapted so that an image-forming position at the center of the 
optical axis and an image-forming position around the optical axis are not in 
the same plane. 

According to another aspect of the present invention, the projecting 
25 optical means allows distortion in the vicinity of the center of the optical axis 
to increase the image formation performance of the area to be used. 

According to another aspect of the present invention, the projecting 



10 

optical means limits the range of degradation of the optical performance to the 
range of the field angle related only to the base of a screen. 

According to another aspect of the present invention, a plane mirror 
for reflecting the light from theprojecting optical means to the display means 
5 has a shape that corrects for distortion of the projecting optical means. 

According to another aspect of the present invention, the refracting 
optical part has a construction in which an exit pupil of light emitted toward 
the central area of the reflecting part around the optical axis thereof and an 
exit pupil of light emitted toward the peripheral area of the reflecting part are 
10 spaced apart to thereby adjust the position and angle of incidence of the 
emitted light toward the reflecting part. 

According to another aspect of the present invention, the reflecting 
part has a uniform thickness from its front surface as a reflecting surface for 
reflecting the optical image signal to the rear surface provided behind the 
15 front surface. 

According to another aspect of the present invention, the reflecting 
part has a planar low-reflectivity surface provided on a non-projecting front 
surface about the optical axis of the reflecting part and a planar high- 
reflectivity surface smaller in area than the low-reflectivity surface and 
20 provided in the low-reflectivity surface about the optical axis. 

According to another aspect of the present invention, the transmitting 
means is provided with a cover glass for protecting an image information light 
emitting surface and a compensator glass of an optical thickness that 
decreases or increases as a change in the optical thickness of the cover glass 
25 increases or decreases, the transmitting means emitting the image information 
light to the refracting optical part through the cover glass and the compensator 
glass. 
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According to another aspect of the present invention, the refracting 
optical part is provided with means for detachably mounting the compensator 
glass on the side of incidence of the illumination light from the transmitting 
means. 

5 According to another aspect of the present invention, the image 

display device further comprises a bottom perpendicular to the reflecting 
surface of the plane mirror and the light receiving surface of the display 
means, and an optical component is disposed in a space defined by segments 
joining: a first point present on the base of a square image displayed on the 

10 display means and the farthest from the center of the image; a second point on 
the plane mirror to which light toward the first point is reflected; a third point 
on the reflecting part to which light toward the second point is reflected; a 
first projected point by projecting the first point to the bottom from the 
direction normal to the bottom; a second projected point by projecting the 

15 second point to the bottom from the direction normal to the bottom; and a 
third projected point by projecting the third point from the direction normal to 
the bottom. 

According to another aspect of the present invention, the transmitting 
means comprises: a converging optical system principal part composed of: an 

20 illumination light source part for emitting illumination light; a color wheel for 
coloring emitted light from the illumination light source part in three primary 
colors one after another; a rod integrator for receiving the illumination light 
from the illumination light source part and for emitting illumination light of a 
uniform illuminance distribution from a light emitting surface; and a relay 

25 lens for relaying the illumination light from the rod integrator; a field lens for 
directing principal rays of the illumination light from the relay lens to the 
same direction; and a reflecting type image information providing part for 
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providing image information to the illumination light from the field lens. 
The converging optical system principal part is disposed as the optical 
component in the space, and is farther provided with second and third path- 
bending means for reflecting the illumination light from the converging 
optical system principal part to the field lens. 

According to another aspect of the present invention, the optical axis 
of the converging optical system principal part is parallel to the lightreceiving 
surface of the display means and the bottom. 

According to another aspect of the present invention, the optical axis 
of the converging optical system principal part is parallel to the lightreceiving 
surface of the display means and is tilted so that the intersection point of the 
illumination light source part and the optical axis is higher than the 
intersection point of the relay lens and the optical axis in the vertical 
direction. 

According to another aspect of the present invention, the transmitting 
means is provided with an adjustment table for mounting the converging 
optical system principal part and the field lens, the adjustment table having a 
hole for receiving the third path-bending means. 

According to another aspect of the present invention, at least one of 
the second and third path-bending means has a curved optical surface. 

According to another aspect of the present invention, the reflecting 
part is made of synthetic resin. 

According to another aspect of the present invention, the reflecting 
part is rectangular in front configuration viewed form the direction of its 
optical axis, a nonreflecting portion of the reflecting part that does not reflect 
the optical image signal to the display means being removed. The reflecting 
part is provided with: a first screwing part provided on the lower side of the 



13 

rectangular front configuration close to but spaced a predetermined eccentric 
distance apart from the optical axis of the reflecting part and pivotally secured 
to a first reflecting part mounting mechanism; a second screwing part 
provided on another side of the rectangular front configuration andslidably 
5 held on a second reflecting part mounting mechanism; and a third screwing 
part provided still another side of the rectangular front configuration and 
slidably secured to a third reflecting part mounting mechanism. 

According to another aspect of the present invention, the first 
reflecting part mounting mechanism and said first screwing part are screwed 

10 together by a taper screw and each have a screw hole conforming to a tapered 
portion of said taper screw. 

According to another aspect of the present invention, the reflecting 
part is rectangular in front configuration viewed form the direction of its 
optical axis, a nonreflecting portion of the reflecting part that does not reflect 

15 the optical image signal to the display means being removed. The reflecting 
part is provided with: a recess provided on the lower side of the rectangular 
front configuration close to but spaced a predetermined eccentric distance 
apart from the optical axis of the reflecting part; a cylindrical support for 
engagement with the recess; two springs fixed at one end to the reflecting part 

20 on both sides of the recess, for biasing the reflecting part; a second screwing 
part provided on another side of the rectangular front configuration and 
slidably held on a second reflecting part mounting mechanism; and a third 
screwing part provided still another side of the rectangular front configuration 
and slidably secured to a third reflecting part mounting mechanism. 

25 According to another aspect of the present invention, the reflecting 

part is rectangular in front configuration viewed form the direction of its 
optical axis, a nonreflecting portion of the reflecting part that does not reflect 
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the optical image signal to the display means being removed* The reflecting 
part is provided with: protrusion provided on the lower side of the rectangular 
front configuration close to but spaced a predetermined eccentric distance 
apart from the optical axis of the reflecting part; a V-grooved support having 
5 a V-shaped groove for engagement with the protrusion; two springs fixed at 
one end to the reflecting part on both sides of the protrusion, for biasing the 
reflecting part; a second screwing part provided on another side of the 
rectangular front configuration andslidably held on a second reflecting part 
mounting mechanism; and a third screwing part provided still another side of 

& 10 the rectangular front configuration and slidably secured to a third reflecting 

111 part mounting mechanism. 

O According to another aspect of the present invention, the reflecting 

lI part is provided with two springs fixed at one end to the reflecting part on 

h both sides of the first screwing part and at the other end to a common point, 

[7 15 for biasing the reflecting part. 

According to another aspect of the present invention, the first, second 
and third screwing parts hold the reflecting part with its reflecting front 
surface in contact with the first, second and third reflecting part mounting 
mechanisms. 

20 According to another aspect of the present invention, the image 

display device further comprises: two sliding supports mounted on the 
retaining mechanism, for slidably supporting all or some of lenses of the 
refracting optical part; a first mounting plate disposed between the two sliding 
support and fixed to the retaining mechanism; a second mounting plate 

25 disposed between the two sliding supports and fixed to the lower ends of all 
or some of the lenses of the refracting optical part; and a piezoelectric element 
held between the first and second mounting plates and expanding or 
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contracting in the direction of the optical axis of the refracting optical part as 
a control voltage applied to the piezoelectric element increases or decreases. 

According to another aspect of the present invention, the image 
display device further comprises a gear mechanism supported on a gear 
5 support provided on the retaining mechanism, for moving the reflecting part, 
or all or some of lenses of the refracting optical part in the direction of the 
optical axis of the refracting optical part. 

According to another aspect of the present invention, the image 
display device further comprises a heater/cooler for heating/cooling at least 
10 one of the refracting optical part held on the retaining mechanism and the 
retaining mechanism. 

According to another aspect of the present invention, the image 
display device further comprises: a temperature sensor for sensing a lens- 
barrel temperature of the refracting optical part; a temperature sensor for 
15 sensing the internal temperature of the retaining mechanism; and a control 
unit for controlling at least one of the piezoelectric element, the gear 
mechanism and the heater/cooler according to a focus-compensation amount 
calculated from the lens-barrel temperature and the internal temperature. 

According to another aspect of the present invention, the image 
20 display device further comprises: a temperature sensor for sensing an 
environmental temperature; and a control unit for controlling at least one of 
the piezoelectric element, the gear mechanism and the heater/cooler according 
to a focus-compensation amount calculated by adding the environmental 
temperature to a linear interpolation equation derived from at least two 
25 different focus adjustment points. 

According to another aspect of the present invention, the image 
display device further comprises: a CCD for detecting focus information from 
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light to be incident to a non-image-display area of the display means; and a 
control unit for controlling at least one of the piezoelectric element, the gear 
mechanism and the heater/cooler according to the result of analysis of the 
focus information. 

5 According to another aspect of the present invention, the image 

display device further comprises a miniature reflector for reflecting to the 
CCD the light to be incident to the non-image-display area of the display 
means. 

According to another aspect of the present invention, the control unit 
10 regards the intensity distribution of the light received by the CCD as focus 
information, analyzes a peak value of the focus information and effects 
control to increase the peak value. 

According to another aspect of the present invention, the control unit 
regards the intensity distribution of the light received by the CCD as focus 
15 information, analyzes the width of a predetermined level of the focus 
information and effects control to decrease the width of the predetermined 
level. 

According to another aspect of the present invention, the control unit 
regards the intensity distribution of the light received by the CCD as focus 
20 information, analyzes the inclination of a shoulder of the focus information 
and effects control to increase the inclination. 

According to another aspect of the present invention, the retaining 
mechanism is provided with a plurality of supports for supporting the 
refracting optical part and the reflecting part, the plurality of supports having 
25 the same product of their height and coefficient of linear expansion. 

According to another aspect of the present invention, the reflecting 
part has a high- or low-reflectivity surface, or a reflecting protrusion or 
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reflecting recess that is high-reflectivity over the entire area of its reflecting 
surface. 

According to another aspect of the present invention, the reflecting 
part has a lens layer covering its front surface for reflecting said optical image 
5 signal. 

According to another aspect of the present invention, there is provided 
an image display device comprising: a cabinet front portion provided on the 
bottom of a cabinet and having display means; a cabinet rear portion provided 
on the bottom; and upper slanting surface, a left-hand slanting surface and 

10 right-hand slanting surface provided between the cabinet front portion and the 
cabinet rear portion and defining a housing space together with the bottom. 
The left- and right-hand slanting surfaces leave left- and right-hand parallel 
surfaces parallel to the display means on the back of the cabinet front portion 
and perpendicular surface perpendicular to the display means on both side of 

15 the cabinet rear portion. 

According to another aspect of the present invention, the image 
display device further comprises a connector having a first end face for 
connection with either one of the left- and right-hand parallel surfaces, a 
second end face for connection to that one of the perpendicular surfaces on 

20 the same side of said either one of the parallel surfaces, and a connection face 
parallel to the second end face. The connection surface is coupled to a 
connection face of another connector. 

According to another aspect of the present invention, the connector 
has the same height as that of the image display device and is provided with a 

25 third end face perpendicular to the first and second end faces, for connection 
to the another connector. 

According to another aspect of the present invention, air and heat are 



discharged or cables are extended out of the cabinet through the upper, left- 
and right-hand slanting surfaces. 

According to another aspect of the present invention, there is provided 
a method of adjustment for correct alignment, which comprises the steps of: 
5 applying rectilinearly propagating light to a reflecting part and adjusting the 
attitude of the reflecting part so that the outgoing path of said rectilinearly 
propagating light for incidence to a high-reflectivity surface of thereflecting 
part and the incoming path of the rectilinearly propagating light reflected by 
the high-reflectivity surface come into alignment with each other; and 
10 applying the rectilinearly propagating light on the outgoing path to the high- 
reflectivity surface of the reflecting part through the refracting optical part, 
emitting from the refracting optical part therectilinearly propagating light on 
the incoming path reflected by the high-reflectivity surface and adjusting the 
attitude of the refracting optical part to maximize the power of the 
15 rectilinearly propagating light emitted from the refracting optical part. 

According to still another aspect of the present invention, there is 
provided a method of adjustment for correct alignment, which comprises the 
steps of: reflecting a bundle of parallel rays, applied perpendicularly to a jig 
display means and having passed through a first through hole, by a high- 
20 reflectivity surface of a reflecting part to bring outgoing and incoming paths 
of a bundle of parallel rays into alignment between the high-reflectivity 
surface and the first through hole; reflecting a bundle of parallel rays about an 
ideal optical axis of a refracting optical part by a path-bending reflector to the 
high-reflectivity surface to bring outgoing and incoming paths of the bundle 
25 of parallel rays into alignment between the high-reflectivity surface and the 
path-bending reflector; mounting, on a lens-holding flange, a holed reflector 
having a second through hole made in alignment with the optical axis of the 
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refracting optical part, and reflecting a bundle of parallel rays about an ideal 
optical axis of the refracting optical part by the path-bending reflector to the 
high-reflectivity reflector through the second through hole, by which the 
direction of travel of the bundle of parallel ray reflected by the holed reflector 
5 and the direction of travel of the bundle of parallel rays on an incoming path 
reflected by the high-reflectivity surface to the path-bending reflector are 
brought into coincidence with each other; removing the holed reflector from 
the lens-holding flange and placing the refracting optical part on the lens- 
holding flange instead; and placing an illumination light source part and an 
2 10 image information providing part at predetermined positions, rendering the 
fl illumination light from the illumination light source part by the image 

5 information providing part to an optical image signal, and applying the optical 

W image signal via the refracting optical part, the path-bending reflector and the 

5 reflecting part to the jig display means to form an image of the optical image 

Wi 15 signal on the jig display means at a normal position. 

S RKTFF DRSCR TPTTON OF TffF, DRAWINGS 

Fig. 1 is a diagram illustrating the configuration of an image display 
device according to a first embodiment of the present invention 
20 Fig. 2 is a diagram for conceptually explaining how a barrel distortion 

of a refracting optical lens compensates for a pincushion distortion of a 
convex mirror; 

Fig. 3 is a diagram conceptually depicting a method by which an 
image, reflected through a aplanatic refracting optical lens or by a convex or 
25 plane mirror, is detected through ray tracing; 

Fig. 4 is a diagram depicting the configuration of an image displgr 
device according to another aspect of the first embodiment in which a plane 



mirror is added; 

Fig. 5 is a diagram depicting the configuration of an image display 
device according to a second embodiment of the present inventioi; 

Fig. 6 is an enlarged diagram showing a convex mirror and aFresnel 

5 mirror; 

Fig. 7 is a diagram for comparison of distortions of the convex mirror 

and the Fresnel mirror, 

Fig* 8 is a diagram depicting the configuration of an image display 
device according to a third embodiment of the present inventioq 
10 Fig. 9 is a magnified view of an optical element 

Fig. 10 is a diagram depicting incident paths in the optical element 

Fig. 11 is a diagram in which paths reflected by a reflecting surface in 
the optical element are developed in one direction; 

Fig. 12 is a magnified view of the optical element 
15 Fig. 13 is a diagram depicting the configuration of an image display 

device according to an aspect of a fourth embodiment of the present 
invention; 

Fig. 14. is a diagram depicting the configuration of an image display 
device according to another aspect of the fourth embodiment of the present 
20 invention; 

Fig. 15 is a diagram depicting the configuration of an image display 
device according to another aspect of the fourth embodiment of the present 
invention; 

Fig. 16 is a diagram depicting the configuration of an image display 
25 device according to still another aspect of the fourth embodiment of the 

present invention; 

Fig. 17 is a diagram depicting the configuration of an image display 
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device according to a fifth embodiment of the present invention 

Fig. 18 is a diagram showing how powers of positive and negative 
lenses change relative to the rate of their Abbe's number; 

Fig. 19 is a diagram for explaining an under curvature of field that 
occurs in an aspherical convex mirror; 

Fig. 20 is a diagram depicting the configuration of an image display 
device according to a sixth embodiment of the present invention 

Fig. 21 is a diagram showing the case where aspherical lenses are 
disposed at places where rays are convergent and divergent; 

Fig. 22 is a table showing an example of results of numerical 

calculations; 

Fig. 23 is a diagram depicting the configuration of an image display 
device according to a seventh embodiment of the present inventior} 

Fig. 24 is a diagram for explaining an effect of the image display 
device of Fig. 23; 

Fig. 25 is a diagram for explaining another effect of the image display 
device of Fig. 23; 

Fig. 26 is a diagram depicting the configuration of an image display 
device according to an eighth embodiment of the present invention 
Fig. 27 is a diagram depicting a retro-focus optical system; 
Fig. 28 is a table showing numeric data of Numerical Value Example 

8A; 

Fig. 29 is a diagram depicting a configuration based on Nimerical 

Value Example 8A; 

Fig. 30 is a table showing numeric data of Numerical Value Example 

8B; 

Fig. 31 is a diagram depicting a configuration based on Numerical 



Value Example 8B; 

Fig, 32 is a table showing numeric data of Numerical Value Example 

8C; 

Fig. 33 is a diagram depicting a configuration based on Numerical 
Value Example 8C; 

Fig. 34 is a table showing numeric data of Numerical Value Example 

4A; 

Fig. 35 is a diagram depicting a configuration based on Numerical 
Value Example 4A; 

Fig. 36 is a table showing numeric data of Numerical Value Example 

4B; 

Fig. 37 is a diagram depicting a configuration based on Numerical 
Value Example 4B; 

Fig. 38 is a table showing numeric data of Numerical Value Example 

7A; 

Fig. 39 is a diagram depicting a configuration based on Numerical 
Value Example 7A; 

Fig. 40 is a diagram showing the relationships between a back focal 
length, an entrance-pupil position and a refracting optical len$ 

Fig. 41 is a diagram depicting the configuration of an image display 
device according to a ninth embodiment of the present invention 

Fig. 42 is a diagram for explaining the condition for placement of a 
path-bending reflector; 

Fig. 43 is a diagram depicting a retaining mechanism for holding a 
refracting optical lens, a path-bending reflector and a convex mirro; 

Fig. 44 is a diagram for explaining the condition for placement of a 
path-bending reflector; 
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Fig. 45 is a diagram depicting the configuration of an image display 
device according to an 11th embodiment of the present invention 

Fig. 46 is a table showing numeric data of Numerical Value Example 
11A of an 11th embodiment of the present invention; 

Fig. 47 is a diagram depicting an image formation in an ordinary 
optical system; 

Fig. 48 is a diagram depicting an example of an optical system in 
which a curvature of field occurs; 

Fig. 49 is a diagram depicting the configuration of an image display 
device according to a 13th embodiment of the present invention 

Fig. 50 is a diagram depicting the configuration of an image dismay 
device according to a 14th embodiment of the present invention 

Fig. 51 is a diagram depicting an image display device assembly 
composed of a plurality of image display device^ 

Fig. 52 is a table showing numeric data of Numerical Value Example 

14A; 

Fig. 53 is a diagram depicting a configuration based on Numerical 
Value Example 14A; 

Fig. 54 is a graph showing the results of numerical calculations of 
distortion in Numerical Value Example 14A; 

Fig. 55 is a graph showing the results of numerical calcxlations of 
distortion in Numerical Value Example 4A; 

Fig. 56 is a diagram depicting the configuration of an image display 
device according to a 15th embodiment of the present invention 

Fig. 57 is a diagram for explaining a configuration change of the 
convex mirror in itsthickwise direction with respect to a temperature change; 

Fig. 58 is a diagram showing a alignment-adjusting method using a 
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convex mirror; 

Fig. 59 is a diagram depicting the configuration of an image display 
device according to a 16th embodiment of the present invention 

Fig. 60 is a diagram showing the relationship between the thicknesses 
of a cover glass and a compensator glass; 

Fig. 61 is a table showing numeric data of Numerical Value Example 

16A; 

Fig. 62 is a diagram depicting a configuration based on Numerical 
Value Example 16 A; 

Fig. 63 is a diagram illustrating the configuration of an image display 
device using a plane mirror and a path-bending reflecto; 

Fig. 64 is a diagram depicting the configuration of an image display 
device according to a 17th embodiment of the present invention 

Fig. 65(a) and (b) are diagrams showing in cross-section the image 
display device along the lines A- A' and B-B' perpendicular to the screen; 

Fig. 66 is a diagram depicting an illumination ligln source system with 
its optical axis tilting; 

Fig. 67 is a diagram showing various usages of the image display 

device; 

Fig. 68 is a diagram depicting the configuration of an image display 
device according to a 17th embodiment of the present invention 

Fig. 69 is a diagram depicting an adjustment table having made therein 
a hole for receiving a third path-bending reflecto; 

Fig. 70 is a diagram depicting the configuration of an aspherical 
convex mirror for use in an image display device according to an 18th 
embodiment of the present invention; 

Fig. 71 is a diagram for explaining the operation of a convex mirror 
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that thermally expands due to a temperature change; 

Fig. 72 is a diagram for explaining a displacementA(6) of the optical 
axis of the convex mirror when it turns an angle 0 about a first screwing part 
spaced an eccentric distance EXC apart from the optical axis; 

Fig. 73 is a diagram depicting modified structures of the convex 
mirror adopting measures against temperature variations. 

Fig. 74 is a diagram depicting another modified structure of the 
convex mirror for use in an image display device that is used upside down 

Fig. 75 is a diagram depicting the configuration of an image display 
device according to a 19th embodiment of the present invention 

Fig. 76 is a diagram depicting the configuration of a modified form of 
the image display device according to the 19th embodiment of the present 
invention; 

Fig. 77 is a diagram depicting the configuration of another modified 
form of the image display device according to the 19th embodiment of the 
present invention; 

Figs. 78(a) to (c) graphs showing how to analyze focus information by 
a control unit; 

Fig. 79 is a diagram depicting the configuration of another modified 
form of the image display device according to the 19th embodiment of the 
present invention; 

Fig. 80 is a diagram showing an example of a method for 
compensating for defocusing by shifting some of lenses forming a refracting 
optical lens; 

Fig. 81 is a diagram depicting the configuratbn of another modified 
form of the image display device according to the 19th embodiment of the 
present invention; 
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Fig, 82 is a diagram depicting the configuration of a convex mirror for 
use in the image display device according to a 20th embodiment of the 
present invention; 

Fig. 83 is a flowchart showing an alignment-adjusting procedure 
according to the 20th embodiment of the present invention 

Fig. 84 is a diagram how optical system components are sequentially 
arranged by the alignment-adjusting method 

Fig. 85 is a diagram how optical system components are sequentially 
arranged by the alignment-adjusting metho4 

Fig. 86 is a diagram how optical system components are sequentially 
arranged by the alignment-adjusting methoc} 

Fig. 87 is a diagram how optical system components are sequentially 
arranged by the alignment-adjusting metho4 

Fig. 88 is a diagram how optical system components are sequentially 
arranged by the alignment-adjusting methocj 

Fig. 89 is a diagram depicting the configuration of an inage display 
device according to the 21st embodiment of the present inventioq 

Fig. 90 is a diagram showing appearance of the image display device 
of each embodiment housed in a conventional cabinet 

Fig. 91 is a diagram showing appearance of a cabinet fa the image 
display device according to a 22nd embodiment of the present invention 

Fig. 92 is a diagram showing the case where two image display 
devices are assembled into a one-piece structure; 

Fig. 93 is a diagram showing how the two image display devices are 
assembled into a one-piece structure; 

Fig. 94 is a diagram showing the case where four image display 
devices assembled into a one-piece structure; 
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Fig. 95 is a diagram showing the configuration of a conventional 
image display device; and 

Fig. 96 is a diagram showing the configuration of another 
conventional image display device using a plane mirror. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
EMBODIMENT 1 

Fig. 1 schematically illustrates the configuration of an image display 
device according to a first embodiment (Embodiment 1) of the present 

10 invention. Reference numeral 11 denotes a luminous element that emits 
light (illumination light); 12 denotes a parabolic reflector for reflecting the 
light from the luminous element 11 mostly into parallel rays of light; and 13 
denotes a condenser lens for gathering the rays of light reflected by the 
parabolic reflector 12. The luminous element 11, the parabolic reflector 12 

15 and the condenser lens 13 constitute a illumination light source system 
(sending means, illumination light source part). 

Reference numeral 14 denotes a micro-mirror device (sending means, 
a reflecting image information imparting part, digital micro-mirror device 
(DMD), a registered trademark of Texas Instruments Incorporated (TI)) that is 

20 a reflecting spatial light modulator. The micro-mirror device 14 spatially 
intensity-modulates the light gathered by the condenser lens 13 and reflects 
intensity-modulated light as an optical image signal containing image 
information. While the present invention is applicable to image display 
devices equipped with any kinds of spatial light modulators, the invention will 

25 hereinafter be described to use the micro-mirror device 14. Reference 
numeral 15 denotes a refracting optical lens (a refracting optical part) having 
a barrel distortion (compensating aberration); 16 denotes a convex mirror (a 
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reflecting part) having a pincushion distortion; and 17 denotes a projecting 
optical system (projecting optical means) composed of the refracting optical 
lenslS and the convex mirror 16. The projecting optical system 17 projects 
onto the screen 18 the light spatially intensity-modulated by the micro-mirror 
5 device 14; the light intensity-modulated by the micro-mirror device 14 is 
projected by the refracting optical lens 15 onto the convex mirror 16. The 
reflecting surface of the convex mirror 16 has a negative power, and throws a 
magnified image of the incident light onto a screen 18. Reference numeral 
18 denotes the screen (display means) that receives the light projected from 

10 the projecting optical system 17 and displays the image. The optical paths 
indicated by the arrows. 

In this embodiment, the reflecting surface of the micro-mirror device 
14 and the light receiving surface of the screen 18 are disposed in parallel to 
minimize the depth dimension of the image display device. And, in order to 

15 prevent shading of light, the micro-mirror device 14 and the screen 18 are 
displaced from each other in the vertical direction, that is, they are staggered. 
Further, the projecting optical system 17 is so placed as to satisfy the above- 
mentioned positional relationship between the micro-mirror device 14 and the 
screen 18 and maintain the conjugate relationship between the image of the 

20 micro-mirror device 14 and the image on the screen 18. 

Next, the operation of this embodiment will be described below. 
The light emanating from the luminous element 11 is reflected by the 
parabolic reflector 12, and impinges aslant on the reflecting surface of the 
micro-mirror device 14 through the condenser lens 13. The micro-mirror 

25 device 14 spatially intensity-modulates the incident light based on image 
information. The thus intensity-modulated light is projected by the 
projecting optical system 17 onto the screen 18 to display thereon an image. 
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The user of the image display device visually identifies the image from the 
left-hand side of the screen 18 in Fig. 1. 

A description will be given of the micro-mirror device 14. 
The micro-mirror device 14 has a reflecting surface famed by a two- 
5 dimensional arrays of 16 \xm square micro mirrors with a 17 \xm pitch, and 
the small mirrors usually have a one-to-one correspondence with image 
formats. For example, by a voltage from a controller (not shown), it is 
possible to change the inclination of each micro mirror and hence change the 
direction of light that is reflected off the micro mirror. 

10 That is, in the case of projecting reflected light from a certain micro 

mirror onto the screen 18, the inclination of the micro mirror concerned is 
changed so that it reflects light toward the aperture of the projecting optical 
system 17. In the case of avoiding the projection of reflected light from a 
certain micro mirror onto the screen 18, the inclination of the micro mirror 

15 concerned is controlled so that light is reflected to the outside of the aperture 
of the projecting optical system 17. Since the time for changing the 
inclination of each micro mirror is less than lOjxsec, the micro-mirror device 
14 is capable of intensity modulating light at high speed. 

Since the micro-mirror device 14 is a reflecting type spatial light 

20 modulator, it is capable of intensity-modulating light incident thereon 
obliquely to its reflecting surface. For example, in the case of using liquid 
crystal as the spatial light modulator, light needs to be launched into the liquid 
crystal from behind substantially at right angles thereto; taking into 
consideration that the thickness reduction of the image display device is 

25 limited by an illumination light source disposed behind the liquid crystal, the 
effectiveness of the micro-mirror device 14 will be understood. With the use 
of the micro-mirror device 14 as in this embodiment, it is possible to dispose 
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the illumination light source between the spatial light modulator and the 
convex mirror 16 on the side to which the micro-mirror device 14 emits light. 
This allows effective use of the space in the direction of the height of the 
image display device, preventing the illumination light source system from 
5 jutting out* 

Next, the projecting optical system 17 will be described below. 
The light intensity-modulated by the micro-mirror device 14 is 
reflected to the projecting optical system 17. As depicted in Fig. 1, the 
optical axis of the refracting optical lens 15 is perpendicular to the reflecting 

10 surface of the micro-mirror device 14 and the light receiving surface of the 
screen 18 and is set off the center of the micro-mirror device 14 and the center 
of the screen 18. Accordingly, only one part of the field angle of the 
refracting optical lens 15 is used to project the light from the micro-mirror 
device 14. In Fig. 1, since the light is incident on the refracting optical lens 

15 15 diagonally from below, the light is emitted diagonally upward. 

Fig. 2 is a diagram for conceptually explaining how a barrel distortion 
of the refracting optical lens 15 compensates for a pincushion distortion of the 
convex mirror 16. As depicted in Fig. 2, the refracting optical lens 15 is so 
designed as to have a barrel distortion. When light of a grid-like image (Fig. 

20 2(a))is projected onto the refracting optical lens 15 from the micro-mirror 
device 14, the grid-like image is transformed to a barrel shape (Fig. 2(b)). 
This barrel distortion is a feature of correcting for the pincushion distortion 
(Fig. 2(c)) that occurs in the convex mirror 16. The refracting optical lens 
15 is designed based on the pincushion distortion of the convex mirror 16. 

25 Consequently, when the light corrected for distortion is projected onto 

the screen 18, an enlarged grid-like image (Fig. 2(d)) is displayed without 
distortion. In general, distortion of an image that occurs in the optical 



system can be corrected for by signal processing, but since the definition of 
the image is deteriorated, this embodiment optically corrects for the 
distortion. 

Now, the pincushion distortion of the convex mirror 16 will be 
5 described. 

Fig. 3 is a diagram conceptually showing how to calculate, by ray 
tracing, an image when the light from the micro-mirror device 14 is reflected 
by the convex mirror 16 or plane mirror 21 through an aplanatic refracting 
optical lens 19. In Fig. 3, the solid lines indicate the optical path reflected by 
10 the plane mirror 21 and the broken lines the optical path reflected by the 
convex mirror. 

When micro-mirror device 14 emits light having a grid-like image 
(Fig. 3(a)), the light having passed through the aplanatic refracting optical 
lens 19 is not distorted (Fig. 3(b)). Accordingly, when the light having 

15 passed through the aplanatic refracting optical lens 19 is reflected by the plane 
mirror 21, black dots are found to be arranged at equal intervals on a plane A- 
A' perpendicular to the optical axis 20 of the refracting optical lens 19 (Fig. 
3(d)). That is, in the case of the projecting optical system composed of the 
aplanatic refracting optical lens 19 and the plane mirror 21, the grid-like 

20 image undergoes no distortion while remaining intact. 

On the other hand, when the light having passed through the aplanatic 
refracting optical lens 19 is reflected by the convex mirror 16, pincushion 
distortion occurs on the plane A-A' as indicated by white dots (Fig. 3(c)) 
because the position of reflection on the reflecting surface of the convex 

25 mirror 16 in the direction of its optical axis differs for each optical path. 
Since the pincushion distortion can be calculated by ray tracing once the 
shape of the convex mirror 16 is determined, the calculation result can be 
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used to design the distortion of the refracting optical lens 15 in Fig. 1. 

Since the refracting optical lens 15 is used to provide the barrel 
distortion that compensates for the pincushion distortion of the convex mirror 
16 as described above, it is possible to display a magnified distortion-free 
image on the screen 18 placed at such a position as to provide a flat device 
configuration. 

Incidentally, the convex mirror 16 can easily be manufactured through 
mirror-finish lathing by forming its reflecting surface as a rotational 
aspherical surface that is obtainable by rotating a quadratic curve about an 
axis-this permits substantial reduction of the manufacturing costs. The 
convex mirror 16 can be designed freely according to the specifications of the 
image display device, and at any rate the refracting optical lens 15 needs only 
to be designed which has the barrel distortion that compensates for the 
pincushion distortion of the convex mirror 16. 

Further, the prior art requires such optical path bending means as the 
plane mirror 7 in Fig. 96 in addition to the projecting optical system 17, but in 
this embodiment part of the projecting optical system functions to bend the 
optical path-this decreases the number of optical parts used and hence 
reduces the distance between the screen 18 and the convex mirror 16 
accordingly. 

When the illumination light source system greatly protrudes widthwise 
thereof as depicted in Fig. 4, a plane mirror 22 for reflecting the light from the 
projecting optical system 17 is added to bend the optical path to the screen 18, 
by which it is possible to make utmost use of the space of the image display 
device. Incidentally, the plane mirror 22 and the projecting optical system 
17 may be interchanged, and the plane mirror 22 may be replaced with a 
projecting optical system other than that 17. 
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As described above, the image display device according to this 
embodiment comprises: sending means composed of the illumination light 
source system and the micro-mirror device 14, for emitting an optical image 
signal intensity-modulated based on image information; the screen 18 for 
5 receiving the optical image signal and displaying an image based on the 
image information; the convex mirror 16 having a negative power, for 
reflecting the intensity -modulated light onto the screen 18; and the refracting 
optical lens 15 having the barrel distortion that compensates for the 
pincushion distortion of the convex mirror 16 and so disposed as to project 

10 the light from the sending means onto the convex mirror 16. It is therefore 
possible to compensate for the pincushion distortion of the intensity- 
modulated light by the convex mirror 16 and provide an enlarged display of 
the image on the screen 18. And the screen 18 can be placed at the position 
optimal for reduction of the depth dimension of the image display device. 

15 Accordingly, the image display device according to this embodiment is 
smaller in its depth dimension than the prior art. 

Moreover, according to this embodiment, since the sending means is 
formed by the illumination light source composed of the luminous element 11, 
the parabolic reflector 12 and the condenser lens 13 and the micro-mirror 

20 device 14 for modulating the light from the illumination light source system 
based on image information and reflecting the light, the illumination light 
source system can be disposed at the side to which the micro-mirror device 14 
reflects the intensity-modulated light. This also permits further reduction of 
the depth dimension of the device. 

25 Besides, according to this embodiment, since the lightreflected by the 

micro-mirror device 14 is reflected by the projecting optical system 17 onto 
the screen 18, there is no need for using an optical part for bending the optical 
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path to the screen 18-this decreases the number of optical parts used and 
reduce the distance between the screen 18 and the convex mirror 16. 

Additionally, according to this embodiment, since the convex mirror 
16 has a rotational aspherical surface, it can easily be manufactured by 
5 mirror-finish lathing-this permits substantial reduction of manufacturing 
costs. 

EMBODIMENT 2 

While in Embodiment 1 the projecting optical system 17 is comprised 
10 of the refracting optical lens 15 of barrel distortion and the convex mirror 16 
of pincushion distortion, this embodiment (Embodiment 2) forms the 
projecting optical system by a Fresnel mirror capable of magnifying an image 
with a short projection distance as is the case with the convex mirror and 
having no distortion. 

15 Fig. 5 is a diagram schematically depicting the configuration of an 

image display device according to Embodiment 2. Reference numeral 23 
denotes an aplanatic refracting lens (a refracting optical part); 24 denotes a 
Fresnel mirror (a reflecting part) for reflecting light from the refracting optical 
lens 23 onto the screen 18; and 25 denotes a projecting optical system 

20 (projecting optical means) composed of the refracting optical lens 23 and the 
Fresnel mirror 24. As is the case with the convex mirror 16, the reflecting 
surface of the Fresnel mirror 24 has negative power. For brevity sake, no 
illumination light source system is shown. 

Fig. 6 is a magnified view of the Fresnel mirror 24. In Fig. 6 there is 

25 also similarly shown the convex mirror 16 in Embodiment 1. As depicted in 
Fig. 6, the reflecting surface of the Fresnel mirror has a periodic structure 
whose sections are identical in inclination with the corresponding sections of 
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the reflecting surface of the convex mirror 16. 

As will be seen from Fig. 6, the Fresnel mirror 24 is thinner than the convex 
mirror 16. 

Fig, 7 is a diagram for explaining the difference in distortion between 
5 the convex mirror 16 and the Fresnel mirror 24. As described previously in 
connection with Embodiment 1, the optical paths (indicated by the broken 
lines in Fig. 7) in which a grid-like image (Fig. 7(a)) from the micro-mirror 
device 14 or aplanatic refracting optical lens 23 is reflected by the convex 
mirror 16 undergo pincushion distortion (Fig. 7, white dots) on the plane A- 

10 A ? perpendicular to the optical axis 27 of the refracting optical lens 23 due to 
a different position of reflection in each optical path that is attributable to the 
convex reflecting surface configuration. On the other hand, in the case of 
using the Fresnel mirror 24, no distortion occurs (Fig. 7(d)) as is the case with 
the plane mirror 21 in Fig. 3 because the positions of reflection in the 

15 direction of the optical axis are all the same. Accordingly, the use of the 
Fresnel mirror 24 for the projecting optical system 25 avoids the necessity for 
taking into account the compensation for distortion and allows the use of the 
aplanatic refracting lens 23 as it is. Since the other arrangements and 
operations of this embodiment are the same as those of Embodiment 1, no 

20 description will be given of them. 

As described above, according to this embodiment, since the 
projecting optical system is made up of the Fresnel mirror 24 that magnifies 
an image with a short distance as is the case with the convex mirror but does 
not distort the image of light passingtherethrough and the aplanatic refracting 

25 optical lens 23,it is possible to display a magnified image on the screen 18 
without the need for compensating the pincushion distortion of the convex 
mirror 16 by the refracting optical lens as in Embodiment 1— this facilitates 
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the design and fabrication of the image display device. 

Further, this embodiment uses, as part of the projecting optical system 
2, the Fresnel mirror 24 formed thinner than the convex mirror 16, and hence 
permits ftirther reduction of the depth dimension of the image display device. 

5 

EMBODIMENT 3 

In this embodiment the projecting optical system is made up of an 
optical element that has a convex projecting surface on the side thereof 
opposite the light receiving surface and a refracting optical lens. 

10 Fig. 8 is a diagram schematically illustrating the configuration of an 

image display device according to a third embodiment (Embodiment 3) of the 
present invention. Reference numeral 28 denotes a refracting optical lens (a 
refracting optical part); 29 denotes an optical element (a reflecting part) 
formed of two optical materials of different dispersion characteristics; and 30 

15 denotes a projecting optical system (projecting optical means) made up of the 
refracting optical lens 28 and the optical element 29. For the brevity sake, 
no illumination light source system is shown. 

Fig. 9 depicts the optical element in enlarged dimension. Reference 
numerals 31 and 33 denote low dispersion glass (low dispersion medium) and 

20 high dispersion glass (high dispersion medium), respectively; 32 denotes an 
interface between the low dispersion glass 31 and the high dispersion glass 
33; and 34 a reflecting surface that forms an interface between the high 
dispersion glass33 and air. As viewed from the light receiving surface, the 
interface 32 has a concave configuration that provides positive power and the 

25 reflecting surface 34 has a convex configuration that provides negative power. 
When light enters and leaves the optical element 29, chromatic aberration 
occurs as is the case with a prism; hence, the low dispersion glass 31 and the 
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high dispersion glass 33 are combined forachromatization. 

Next, the operation of this embodiment will be described below,. 

Fig. 10 is a diagram showing the optical path of incident light in the 
optical element 29. In Fig. 10 the left-hand side of the interface 32 
corresponds to the low dispersion glass 31 (of a refractive index i\) and the 
right-hand side corresponds to the high dispersion glass 33 (of a refractive 
index i^). The refractive indexes and n 2 can be chosen arbitrarily, but in 
this example n x <n 2 . A convex mirror, which has the same configuration as 
that of the reflecting surface 34, used, and the optical path of the incident light 
merely bent by the convex mirror used as the reflecting surface 34 is indicated 
by the broken lines. 

As will be seen from comparison between the solid and broken lines, 
the optical path by the optical element 29, which passes through the low 
dispersion glass 31 and the high dispersion glass 33 in this order and strikes 
on the convex reflecting surface 34, can be bend at an angle larger than in the 
case of the optical path bend by the mere convex mirror, and consequently a 
wider-angle image can be projected onto the screen 18. 

With the use of the optical element 29, it is possible to project an 
image onto the screen 18 at wider angle than does the reflecting surface 16 in 
Embodiment 1 and hence reduce the convexity of the reflecting surface 34 
accordingly. Further, since the position of emission of light from the optical 
element 29 can be controlled by adjusting the thicknesses of the low 
dispersion glass 31 and the high dispersion glass 33, the distortion that occurs 
in the reflecting surface 34 can be compensated inside the optical element 29. 

Next, a description will be given of the achromatization by the optical 
element 29. In Fig. 11 there are indicated optical paths of red and blue 
colors by the solid and broken lines, respectively. Glass is called high or low 
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dispersion glass, depending on whether its refractive index changes greatly 
with a change in the wavelength of incident light. In general, glass materials 
have a characteristic that the refractive index increases with a decrease in the 
wavelength of light, 

5 Accordingly, as depicted in Fig. 11, the blue light of shorter 

wavelength is greatly refracted in the low dispersion glass, whereas the red 
light of longer wavelength is not so refracted as is the blue light. Since the 
high dispersion glass 33 differs from the low dispersion glass 31 in terms of 
the degree of refraction according to color, it is possible, even with a high 

10 dispersion glass of lower power than that of the low dispersion glass 31, to 
provide dispersion with which color aberration having occurred in the low 
dispersion glass 31 can be compensated for. Thus, an achromatic lens of 
positive power can be constituted by such a combination of high and low 
dispersion glass materials. An achromatic lens of negative power can be 

15 obtained simply by reversing the combination of the low dispersion glass 31 
and the high dispersion glass 33. 

In Fig. 9 the low dispersion glass 31 is disposed on the light receiving 
side, but an optical element 35 of such a structure as shown in Fig. 12, in 
which a low dispersion glass 38 is sandwiched between a high dispersion 

20 glass 36 disposed at the light receiving side and a reflecting surface 39 of 
negative power, may sometimes be more effective inachromatization. Such 
optical element structures can be freely chosen at the time of design. 

As described above, according to this embodiment, light is projected 
onto the screen 18 by the optical element 29 that is composed of the low 

25 dispersion glass 31 and the high dispersion glass 33 laminated in the direction 
of transmission of light and the reflecting surface that has negative power and 
reflects the light having passed through the low dispersion glass 31 and the 
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high dispersion glass 33. With such an arrangement, light of the same field 
angle as that of light reflected off the convex mirror 16 in Embodiment 1 can 
be projected by the reflecting surface 34 of less convex configuration than 
that of the convex mirror 16, and the distortion by the reflecting surface 34 
5 can be compensated for in the optical element 29 or 35 by adjusting the 
thicknesses of the low dispersion glass 31 and the high dispersion glass 33— 
this allows ease in compensating for the pincushion distortion that occurs in 
the reflecting surface 34. 

10 EMBODIMENT 4 

This embodiment corrects for distortion by a refracting lens or convex 
mirror that has a aspherical refracting or reflecting surface. 

Fig, 13 schematically illustrates the configuration of an image display 
device according to a fourth embodiment (Embodiment 4) of the present 

15 invention. Reference numeral 40 denotes a refracting optical lens of positive 
power (projecting optical means, refracting optical part); 41 denotes an 
aspherical convex mirror having an aspherical reflecting surface (projecting 
optical means, reflecting part); 42 denotes an aspherical lens having an 
aspherical refracting surface (projecting optical means, refracting optical 

20 part); 43 denotes a spherical convex mirror having a spherical reflecting 
surface (projecting optical means, reflecting part); 44 denotes an optical axis 
common to the refracting optical lens 40, the aspherical convex mirror 41, the 
aspherical lens 42 and the spherical convex mirror 43. Incidentally, an 
illumination light source system and a screen are not shown for the sake of 

25 brevity. 

An analysis according to the Fermafs principle reveals that a spherical 
refracting surface of a lens or reflecting surface of a mirror provides no 
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stigmatism, whereas an aspherical refracting surface of a lens or reflecting 
surface of a mirror reduces aberration. This embodiment corrects for 
distortion by placing an optical element of such aspherical configuration at 
the position where principal rays are divergent, 
5 For example, as depicted in Fig. 13(a), light from the micro-mirror 

device 14 as a spatial light modulator, which passes through the refracting 
optical lens 40, is reflected by the aspherical convex mirror 41 for projection 
onto the screen 18 (not shown). 

Alternatively, as shown in Fig. 13(b), the aspherical lens 42 is 

10 disposed between the refracting optical lens 40 and the spherical convex 
mirror 43 at the position where the principal rays are divergent, and the light 
from the micro-mirror device 14, which passes through the refracting optical 
lens 40 and the aspherical lens 42, is reflected by the spherical convex mirror 
43 for projection onto the screen 18. 

15 Since the reflecting surface configuration of the aspherical convex 

mirror 41 or the refracting surface configuration of theaspherical lens 42 has 
a one-to-one correspondence with the distortion, the reflecting surface 
configuration or refracting surface configuration is designed through ray 
tracing in either case. 

20 Accordingly, in the both cases of Figs. 13(a) and 13(b), since light is 

projected onto the screen 18 through the aspherical convex mirror 41 and the 
aspherical lens 42, it is possible to provide an image display device with 
reduced depth dimension and correct for distortion of the image projected 
onto the screen 18. 

25 As an alternative to the above arrangements, the aspherical lens 42 and 

the aspherical convex mirror 41 could be placed as depicted in Fig. 13(c). 
This arrangement allows more ease in correcting for distortion. 



Further, though not shown, several aspherical lens 42 can be 
interposed between the refracting optical lens 40 and the aspherical convex 
mirror 41 (or the spherical convex mirror 43), in which case distortion can be 
further corrected for. 

5 The following three schemes can be used for more effective correction 

for distortion by the aspherical configuration described above. 

Fig. 14 depicts the configuration of an image display device according 
to this embodiment. For the sake of brevity, the illumination light source 
system and the screen are not shown. Reference numeral 45 denotes an 

10 aspherical convex mirror (projecting optical means, a reflecting part) that has 
a reflecting surface whose convex curvature is large at the center of the 
optical axis but gradually decreases toward the periphery. For the purpose of 
comparison, there are shown the spherical convex mirror 43 (indicated by the 
broken line) and the reflected ray (indicated by the broken-line arrow) by the 

15 spherical convex mirror 43. 

As referred to previously with reference to Embodiment 1, the 
pincushion distortion occurs in the spherical mirror 43 and causes distortion 
of an image. Since the pincushion distortion appears in the periphery of the 
spherical convex mirror 43, the illustrated example uses theaspherical convex 

20 mirror 45 having a reflecting surface whose convex curvature is large at the 
center of the optical axis 44 but gradually diminishes toward the periphery. 
The use of such an aspherical convex mirror permits further reduction of 
distortion. 

Fig. 15 depicts another configuration of the image display device 
25 according to this embodiment. Neither the illumination light source system 
nor the screen is shown for brevity sake. Reference numeral 46 denotes an 
aspherical convex mirror (projecting optical means, a reflecting part) that has 
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an odd-order aspherical reflecting surface. 

In general, a three-dimensional curved surface is expressed by a 
polynomial composed of even-order terms. By adding odd-order terms to 
the polynomial to make respective aspherical coefficients appropriate, the 
5 odd-order aspherical reflecting surface of the aspherical convex mirror 46 in 
Fig. 15 is obtained. It will be seen from Fig. 15 that, in comparison with the 
aspherical reflecting surface of the aspherical convex mirror 45 (indicated by 
the broken line), the odd-order aspherical reflecting surface of the aspherical 
convex mirror 46 has a convexity (or concavity) in the vicinity of the optical 
10 axis 44. 

The convexity (or concavity) near the optical axis 44 is formed by 
adding odd-order terms to the polynomial. When the micro-mirror device 14 
is placed off the optical axis 44 as depicted in Fig. 15, the reflecting surface 
near the optical axis 44 does not project light. Accordingly, even if the 

15 projection and image formation performance near the optical axis is 
deteriorated by discontinuity of the curvature of the central area of the 
aspherical convex mirror 46, no influence is exerted to the display 
performance of the display device. The use of the aspherical convex mirror 
46 implements a projecting optical system in which the correction for 

20 distortion is consistent with an excellent image formation characteristic for 
off-axis projected light. 

In the central area of an odd-order aspherical or lens that contains a 1st 
order term, reflected/refracted light is disturbed, in principle, due to 
discontinuity of curvature, leading to degradation of the image formation 

25 performance. 

In view of the above, according to this embodiment, incident light is 
reflected by or transmitted through such an odd-order asphecrical surface 
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except its central area (a point on the optical axis) to project the reflected or 
transmitted light onto the screen 18, thereby achieving excellent image 
formation performance* To perform this, the micro-mirror device 14 is 
disposed with its effective display surface shifted off the optical axis. 
5 The odd-order aspherical surface is also applicable to the refracting 

optical lens. 

Fig. 16 illustrates another configuration of the image dsplay device 
according to this embodiment. Reference numeral 47 denotes an aspherical 
lens (projecting means, refracting optical part) whose refracting surface facing 
10 the aspherical convex mirror 45 is formed as an odd-order aspherical surface. 

The closer to the aspherical convex mirror 45 the light emanating 
portion of the refracting surface of the refracting lens is, the more the 
principal rays are divergent; hence, the configuration of the light emanating 
portion is locally modified to reduce distortion. 
15 As described above, according to this embodiment, since the 

aspherical convex mirror 41 having an aspherical reflecting surface is used, 
distortion of light that is projected onto the screen 18 can be corrected for. 

Further, according to this embodiment, since at least one aspherical 
lens 42 having an aspherical refracting surface is interposed between the 
20 refracting optical lens 40 and the convex mirror at the position where the 
principal ray is disturbed, it is possible to correct for distortion of the light 
that is projected onto the screen 18. 

Further, according to this embodiment, since the aspherical convex 
mirror 45 is used whose convex curvature is large at the center of the optical 
25 axis but gradually decreases toward the periphery, the light to be projected 
onto the screen 18 can be further corrected for distortion. 

Further, according to this embodiment, since the aspherical convex 
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mirror 46 is used which has an odd-order aspherical reflecting surface formed 
by adding an odd-order term to a polynomial representing an even-order 
aspherical surface, it is possible to implement a projecting optical system in 
which the correction for distortion and an excellent image formation 
performance for off-axis projected light are compatible with each other. 

Further, according to this embodiment, since the aspherical lens 47 is 
used which as an odd-order aspherical refracting surface formed by adding an 
odd-order term to a polynomial representing an even-order aspherical surface, 
it is possible to locally modify the configuration of the refracting surface, 
facilitating reduction of distortion and permitting improvement in the off-axis 
image formation performance. 

Incidentally, the above-mentioned configurations of the refracting 
optical lens and the convex mirror can be chosen arbitrarily at the time of 
designing the image display device. 

Moreover, some of lenses forming the refracting optical part, such as 
the refracting optical lens 40, the aspherical lens 42, or the aspherical lens 47, 
that is, at least one refracting optical lens forming the refracting optical part, 
can be mass-produced with a die of a desired aspherical configuration by 
injection molding of plastic synthetic resin such as polycarbonate or acrylic 
plastic. In general, the melting point of glass for use as a material for a lens 
is about 700°C and the melting point of glass for molding use is 50(7C, 
whereas the melting point of the plastic synthetic resin is lower; hence, the 
fabrication of the refractive optical lens from the plastic synthetic resin 
provides increased productivity, and cuts the manufacturing cost of the image 
display device. 

Of course, a known glass molding method can be used to obtain the 
aspherical lenses 42 and 47. In such an instance, since the aspherical lens if 
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formed of a glass material, environmental characteristics (such as the 
operating temperature range and humidity range) can be more improved than 
in the case of using plastic materials. The lens material for the refracting 
optical part needs only to be chosen according to the purpose, usage and 
5 specifications of the image display device desired to fabricate, taking into 
account merits of individual materials. 



EMBODIMENT 5 

Embodiment 4 is adapted to correct for distortion by means of the 
10 aspherical convex mirror having anaspherical reflecting surface or refracting 
optical lens having an aspherical refracting surface as described above, but in 
this case a curvature of field occurs in the image projected onto the screen 18, 
developing what is called an "out of focus" phenomenon. A fifth 
embodiment (Embodiment 5) of the present invention is intended to reduce 
15 the curvature of field. 

It is the PetzvaPs sum P that is commonly used to consider the 
curvature of field. The PetzvaPs sum P is expressed by the following 
equation (1). 

P=ZPi 

20 =2[l/(nifi)] 

=Z[4>i/ni] (i=l, ...,N) (1) 
where 2 is an operator that means the sum total related to an index i of sum, i 
is the number of an optical element, N is the total sum of optical elements, Pi 
is a component of an i-th optical element that contributes to the PetzvaPs sum, 

25 ni is the refractive index of the i-th optical element, fi is the focal length of the 
i-th optical element, and <j)i represents the power that the i-th optical element 
has. 
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The condition for formirg a plane image with no curvature of field on 
a flat object is called the PetzvaPs condition, which is satisfied when P=0. 
That is, an image with reduced curvature of field can be displayed on the 
screen 18 by causing the PetzvaPs sum to approach zero. 

Now, consider the application of a refracting optical lens (projecting 
optical means, refracting optical part, PetzvaPs sum compensating lens) 48 to 
the image display device of Fig. 13(a) as depicted in Fig. 17. The refracting 
optical lens 48 is an achromatic lens 48 composed of a positive lens 48A and 
a negative lens 48B. 

Since the aspherical mirror 41 (i=3) has a refractive index n3=-l and 
a negative power c|>3 (<0) of a large absolute value, the component P3 of the 
aspherical convex mirror 41 that contributes to the PetzvaPs sum P is likely to 
take a positive value owing to a division of negative values. 

Accordingly, the curvature of field is corrected for by designing the 
refracting optical lens 48 that cancels the component P3 of the aspherical 
convex mirror 41. That is, the refracting optical lens 48 made up of the 
positive lens 48A (i=l) and the negative lens 48B (i=2) makes the PetzvaPs 
sum contributing component P1+P2 a negative value, canceling the 
component P3 of the aspherical convex mirror 41. 

Since the positive lens 48 A has a positive power (j)l (>0), its refractive 
index nl is increased to obtain the contributing component Pl^l/nl^O, 
lessening the influence on the PetzvaPs sum P. 

Since the negative lens 48B has a negative power c[>2 (<0), its 
refractive index n2 is decreased to obtain a negative contributing component 
P2=(j)2/n2 whose absolute value is large. 

As described above, by selecting the refractive indexes of the positive 
and negative lenses 48 A and 48B to be nl>n2, the contributing component 
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P1+P2 is made to approach the negative value as much as possible, thereby 
reducing the influence of the component P1+P2 on the component P3 of the 

aspherical convex mirror 41. 

Moreover, the Petzval's condition can be further satisfied by setting 
Abbe's numbers vl and v2 of the positive and negative lenses 48 A and 48B 
to values close to each other. In general, letting a refractive index change by 
a wavelength change be represented by An, the Abbe's number is defined by 
v=(n-l)/An; a small Abbe's number means an optical material of a large 
dispersion value. 

Letting combined power of the positive and negative lenses 48A and 
48B of the refracting optical lens 48 in Fig. 17 be represented by <I>, the 
following equations (2) and (3) are obtainable from an equation of the 
combined power, 4>=2((()i), and an equation of the condition for achromatism, 
Z(<t>i/vi)=0. 

(|)l=4>-vl/(vl-v2) (2) 
(|)2=-<I>-v2/(vl-v2) (3) 
In Fig. 18 there are shown variations in the absolute values of $>1/<I>) 

and (4>2/0>) for (v2/vl) when Equations (2) and (3) are modified to the 

following Equations (4) and (5), respectively. 



In Fig. 18, the abscissa represent (v2/vl) and the ordinate represents 
absolute values of Equations (4) and (5), |<|>1/<S>| and fo2/<&|. It is apparent 
from Fig. 18 that as (v2/vl) approaches the value 1, the powers §1 and ({>2 of 
the positive and negative lenses 48A and 48B increase. 

It is possible to further satisfy the Petzval's condition by increasing 
the powers of the positive and negative lenses 48A and 48B through 



(|)l/4>=l/[l-(v2/vl)] 
()>2/<I>=-(v2/vl)/[l-(v2/vl)] 



(4) 
(5) 
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utilization of the above. That is, the Abbe's numbers vl and v2 of the 
positive and negative lenses 48A and 48B are set to values close to each other 
by increasing the refractive index nl of the positive lens 48A and decreasing 
the refractive index n2 of the negative lens 48B. 

For example, setting the refractive indexes of the positive and negative 
lenses 48 A and 48B to nl=n2=1.6 and their Abbe's numbers to vl=50 and 
v2=30 and assuming that the combined power 0=1 in Equations (2) and (3), 
{j>l=50/(50-30)=2.5 and <j)2=-30/(50-30)=-1.5; the Petzval's sum of the 
refracting optical lens 48 at this time is Pl+P2=(2.5/1.6)+(-1.5/1.6)=0.625. 

The refractive index of the positive lens 48A is increased and the 
refractive index of the negative lens 48B is decreased so that the Petzval's 
condition is approached from the above state. For example, when the 
refractive index of the positive lens 48A is set larger than the refractive index 
of the negative lens 48B such that nl=1.8 and n2=1.6, the Petzval's sum is 
Pl+P2=(2.5/1.8)+(-1.5/1.6)=0.4514; that is, the Petzval's sum is closer to a 
negative value than that before the refractive indexes nl and n2 are changed, 
and the Petzval's sum is improved accordingly. 

Then, the Abbe's numbers vl and v2 of the positive and negative 
lenses 48A and 48B are set to values close to each other. For example, when 
the Abbe's numbers are set to vl=45 and v2=43 so that their difference vl-v2 
is small, <|>l=45/(45-43)=22.5 and <j>2=-43/(45-43)=-21.5 (assume that <I>=1) 
from Equations (2) and (3), and the Petzval's sum 
Pl+P2=(22.5/1.8)+(-21.5/1.6)=-0.9375; thus, the Petzval's sum P1+P2 of the 
refracting optical lens 48 can be made negative. Accordingly, the Petzval's 
sum P in Fig. 17, containing the aspherical convex mirror 41, can be made to 
approach zero, permitting reduction of the curvature of field. 

As described above, this embodiment uses the refracting optical lens 
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48 composed of the positive lens 48A of positive power and the negative lens 
48B of negative power, the refracting index of the former being made larger 
than the refractive index of the latter and their Abbe's numbers being set to 
values close to each other. With such a refracting optical lens 48, it is 

5 possible to correct for distortion and satisfy the Petzval's condition to correct 
for the curvature of field. 

While in the above the refracting optical lens 48 has been described as 
being applied to the image display device of Fig. 13(a), this embodiment is 
not limited specifically thereto but may be applied as well to the other device 

10 configurations of Embodiment 4. 

EMBODIMENT 6 

A sixth embodiment (Embodiment 6) of the present invention 
generates an over curvature of field by a refracting optical lens to correct for 
15 the curvature of field that occurs in the aspherical convex mirror. 

Fig. 19 is explanatory of an under curvature of field that occurs in the 
aspherical convex mirror. In Fig. 19(a), reference numeral 49 denotes a 
refracting optical lens; 50 denotes the optical axis of the refracting optical lens 
49; and 51 denotes a plane perpendicular to the optical axis 50. Light having 
20 passed through the refracting optical lens 49 forms an image on the plane 51. 
In Fig. 19(a) a flat image is obtained. 

When light is projected onto the aspherical convex mirror of 
Embodiment 4 through the refracting optical lens 49, the best image surface is 
curved with its concavity toward the projecting optical system due to an under 
25 curvature of field that occurs in the aspherical convex mirror. 

For example, when light is emitted from the refracting optical lens 49 
to the aspherical convex mirror 41 as depicted in Fig. 19(b), the reflected light 
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undergoes curvature of field as indicated by an image surface 52, resulting in 
a blurred image being displayed on the screen 18. To correct for the under 
curvature of field by the aspherical convex mirror 41, the refracting optical 
system is used to provide an over curvature of field to flatten the projected 

5 image surface. 

That is, as depicted in Fig. 20, an image surface 53 having an over 
curvature of field such that the focal length increases with distance from the 
optical axis 44 is provided by a refracting optical lens (projecting optical 
means, a refracting optical part, a curvature of field correcting lens) 54 

10 interposed between the micro-mirror device 14 and the aspherical convex 
mirror 41, thereby canceling the over curvature of field by the refracting 
optical lens 54 and the under curvature of field by the aspherical convex 
mirror 41. As a result, it is possible to correct for the under curvature of 
field by the aspherical convex mirror 41 used for correcting for distortion and 

15 hence display a distortion-free image with no curvature of field. 

The configuration of the refracting surface of the refracting optical 
lens 54 can be optimized through numerical calculations for ray tracing by a 
computer. 

Further, the results of numerical calculations for ray tracing have 
20 revealed that an aspherical optical element effectively reduces the distortion at 
the place where the principal rays are divergent and the curvature of field at 
the place where the principal rays are convergent. This will be described 
below in respect of Fig. 21. 

Fig. 21 shows the results of numerical calculations for ray tracing. 
25 An aspherical lens (projecting optical means, a refracting optical part, an 
aspherical optical element) 55 is placed at the position where the rays from 
the micro-mirror device 14 (not shown) are convergent, aspherical lenses 
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(projecting optical means, a refracting optical part, aspherical optical 
elements) 56A and 56B are placed at the position where rays from the 
asperical lens 55 diverge, and an aspherical convex mirror (projecting optical 
means, a reflecting part, an aspherical optical element) 57 is placed at the 

5 position where rays from the aspherical lens 56B diverge; the light reflected 
by the aspherical convex mirror 57 is projected onto the screen 18. The 
aspherical lens 55 effectively reduces curvature of field, whereas the 
aspherical lenses 56A and 56B and the aspherical convex mirror 57 
effectively reduce distortion. 

10 <Numerical Value Example 6A> 

Fig. 22 is a table showing, by way of example, the results of numerical 
calculations in Fig. 21. The aspherical surfaces used in Fig. 22 are defined 
by the Equations (6) and (7) given below, where z is the amount of sag from a 
tangent plane passing through the center of rotation of an optical plane, c the 

15 curvature at a surface apex (an inverse of the radius of curvature), k is a conic 
coefficient and r is the distance from the z axis. Incidentally, specifications 
in Fig. 22 are f=5.57 mm (the focal length at a wavelength of 546.1 nm), 
NA=0.17 (the numerical aperture on the side of the micro-mirror device), 
Yob=14.22mm (the object height at the side of the micro-mirror device) and 

20 M=86.3x(the magnification of projection). 

z=cr 2 /[l+{l-(l+k)c 2 r 2 } 0 5 ] 
+Ar 4 +Br 6 +Cr 8 +Dr 10 +Er 12 

+Fr 14 +Gr 16 +Hr 18 +Jr 20 (6) 
z=cr 2 /[l+{l-(l+k)c 2 r 2 } 05 ] 
25 +ARlr+AR2r 2 +AR3r 3 + . . . 

+ARnr n +...+AR30r 30 (7) 
As described above, this embodiment uses the refracting optical lens 
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54 to provide the over curvature of field that cancels the under curvature of 
field by the aspherical convex mirror 41; hence, it is possible to display an 
image corrected for curvature of field as well as distortion. 

Further, this embodiment effectively reduces curvature of field at the 
5 position where principal rays are convergent and distortion at the position 
where the principal rays are divergent, by placing aspherical optical elements 
at such positions, respectively. 

The refracting optical lens 54 may be applied as well to the other 
asphericl convex mirrors in Embodiment 4. 

10 

EMBODIMENT 7 

Fig. 23(a), (b) and (c) are front, top plan and side views of an image 
display device according to a seventh embodiment (Embodiment 7) of the 
present invention. Reference numeral 58 denotes a refracting optical lens 

15 (projecting optical means, a refracting optical part) that transmits light from 
the micro-mirror device 14 and corresponds to the refracting optical lens 
described in respect of the embodiments described above. Reference 
numeral 59 denotes an path-bending reflector (optical path bending means) 
for reflecting the light from the refracting optical lens 58; 60 a convex mirror 

20 of negative power (projecting optical means, a reflecting part), which is the 
same convex mirror as those described in the preceding embodiments; 61 
denotes the optical axis of the convex mirror 60. For brevity sake, no 
illumination light source is shown. 

The refractive optical lens 58 and the convex mirror 60 are common in 

25 optical axis. To provide the illustrated configuration, the path-bending 
reflector 59 is used to bend the optical axis through an appropriate angle in 
the horizontal plane containing the optical axis 61 of the convex mirror 60. 



In other words, the optical axis of the refracting optical lens 58, initially 
coincident with the optical axis of the convex mirror 60, it turned about the 
normal to the horizontal plane containing the optical axis 61 of the convex 
mirror 60 until a proper azimuth is reached. In this way, the refracting 
5 optical lens 58 is placed in an empty space of the image display device. 

In Fig. 23, the light from the micro-mirror device 14, having passed 
through the refracting optical lens 58, is reflected first by the path-bending 
reflector 59 toward the convex mirror 60, and the light reflected by the 
convex mirror 60 is reflected by the plane mirror 22 referred to previously 
10 with respect to Embodiment 1, thereby performing a wide-angle projection 
onto the screen 18. In particular, the parallel arrangement of the reflecting 
surface of the plane mirror 22 and the light receiving surface (or an image 
display surface) of the screen 18 minimizes the depth dimension of the image 
display device. The point of this embodiment lies in an arrangement in 
15 which the light from the refracting optical lens 58 placed in an empty space of 
the image display device is reflected by the path-bending reflector 59 to the 
convex mirror 60. Since the refracting optical lens 58 and an illumination 
light source system (not shown) can be disposed in the empty space, the depth 
dimension of the image display device can be reduced. 
20 The effect of the path-bending reflector 59 will be seen from 

comparison of Fig. 23 with Figs. 24 and 25. 

In Fig. 24, since the path-bending reflector 59 is not used, the light 
having passed through the refracting optical lens 58 strikes directly on the 
convex mirror 60~this requires the micro-mirror device 14 and the refracting 
25 optical lens 58 to be placed at the positions defined by the screen 18, the plane 
mirror 22 and the convex mirror 60, inevitably making the display device 
thicker than that of Fig. 23. 
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In Fig. 25, the path-bending reflector 59 is provided, but since the 
optical axis of the refracting optical lens 58 is bent in a plane other than the 
horizontal plane containing the optical axis of the convex mirror 60, it is 
necessary that the refracting optical lens 58, the micro-mirror device 14 and 
5 the illumination light source system (not shown) be disposed below the 
convex mirror 60, inevitably making the height of the under-the-screen 
portion larger than in the image display device of Fig. 23. 

In Fig. 23, since the light from the refracting optical lens 58 disposed 
in the empty space is reflected by the path-bending reflector 59 to the convex 
S 10 mirror 60, the depth dimension of the image display device can be further 
S reduced and the height of the under-the-screen portion can be decreased. 

S It is also possible to use the path-bending reflector in a refracting 

optical lens (projecting optical means, a refracting optical part) composed of a 
!L plurality of lenses, though not shown. That is, the path-bending reflector is 

m 15 inserted between first and second lens means forming the refracting optical 
□ lens so that the path-bending reflector transmits the light between the two 

C lenses through reflection. The first and second lens means are each formed 

by at least one refracting optical lens. In this instance, since the optical axes 
of the first and second lens means need not be coincident, the refracting 
20 optical lens can be formed by bending two optical axes. This also reduces 
the depth dimension of the image display device as in the case of Fig. 23. 

When the refracting optical lens is formed by a pluralty of lenses, a 
plurality of path-bending reflectors can be used according to the number of 
lenses used. 

25 Moreover, an path-bending reflector for reflecting light from the 

refracting optical lens to the convex mirror and an path-bending reflector for 
reflecting light from an arbitrary lens of the refracting optical lens to a 
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different lens may be combined; this can be designed according to the 
specifications of the image display device. 

As described above, according to this embodiment, since the optical 
axis of the refracting optical lens 58 is bent, by the path-bending reflector 59, 

5 through an appropriate angle in the horizontal plane containing the optical 
axis 61 of the convex mirror 60 so that the light from the refracting optical 
lens 58 is reflected to the convex mirror 60, the refracting optical lens 58 and 
the illumination light source system can be disposed in the empty space of the 
image display device. Hence, the depth dimension of the image display 

10 device can be further decreased and the height of the part under the screen can 
be made small. 

Further, according to this embodiment, since the path-bending 
reflector is used by which the light from the first lens means forming the 
refracting optical lens is reflected to the second lens means, the refracting 
15 optical lens can be formed by bending the optical axes of the first and second 
lens means. Hence, the depth dimension of the image display device can be 
further reduced and the height of the under-the-screen portion can be made 
small. 

Incidentally, this embodiment is applicable to Embodiments 1 to 6. 

20 

EMBODIMENT 8 

As described previously in connection with Embodiment 6, the 
optimum optical system configuration for attaining the objective of the 
present invention can be obtained concretely through numerical calculations 
25 for ray tracing by a computer. 

Fig. 26 is a diagram illustrating the configuration of an image display 
device according to an eighth embodiment (Embodiment 8) of the present 
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invention, which utilizes the numerical values (numerical value example 6A) 
shown in Fig. 21. Reference numeral 14 denotes a micro-mirror device; 62 
denotes a retro-focus optical system (projecting optical means, a refracting 
optical part) formed by positive lenses of positive power and negative lenses 
of negative power; 63 denotes a refracting optical lens (projecting optical 
means, a refracting optical part) for making fine adjustments to the angle of 
emission of light; and 64 denotes an aspherical convex mirror (projecting 
optical means, a reflecting part) for reflecting the light from the refracting 
optical lens 63 to correct for distortion. For brevity sake, the illumination 
light source part and the screen are not shown. 

The light from the micro-mirror device 14 passes through the retro- 
focus optical system 62 and is transmitted by the refracting optical lens 63 to 
the convex mirror 64, thereafter being projected onto the screen (no shown). 
The retro-focus optical system 62 has light-gathering power and, at the same 
time, assists widening of the field angle of the ray to be projected onto the 
screen. The refracting optical lens 63 corrects for the distortion uncorrected 
for by the aspherical convex mirror 64. The retro-focus optical system 62 
and the refracting optical lens 63 include the various refracting optical lenses 
referred to in the embodiments described previously. 

More specifically, the retro-focus optical system 62 is composed of 
two positive lens groups 62A and 62B and one negative lens group 62C as 
depicted in Fig. 27(a), two positive lens groups 62D and 62E and one 
negative lens group 62F as depicted in Fig. 27(b), or one positive lens group 
62G and one negative lens group 62H as depicted in Fig. 27(c). 

The above configurations are those obtained through numerical 
calculations to attain the objective of the present invention, and it will readily 
be understood by conducting again numerical calculations based on the results 
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of numerical calculations shown in respective numerical value examples that 
the above configuration suppress distortion and curvature of field and reduces 
the depth dimension of the image display device. Concrete results of 
numerical calculations are shown below in Numerical Value Examples 8A, 

5 8B and 8C. 

<Numerical Value Example 8A> 

Figs. 28 and 29 are a table showing numerical data of Numerical 

Value Example 8A and the device configuration based on the numerical data, 

respectively. Fig. 29 corresponds to Fig. 27(a). The positive lens group 
10 62B is an achromatic lens composed of positive and negative lenses. 

<Numerical Value Example 8B> 

Figs. 30 and 31 are a table showing numerical data of Numerical 

Value Example 8B and the device configuration based on the numerical data, 

respectively. Fig. 31 corresponds to Fig. 27(b). The positive lens group 
15 62E is formed by one lens. 

<Numerical Value Example 8C> 

Figs. 32 and 33 are a table showing numerical data of Numerical 

Value Example 8C and the device configuration based on the numerical data, 

respectively. Fig. 33 corresponds to Fig. 27(c). 
20 Figs. 34 to 37 show Numerical Value Examples 4A and 4B related to 

Embodiment 4, and Figs. 38 and 39 show Numerical Value Example 7A 

related to Embodiment 7. 

<Numerical Value Examples 4A & 4B> 

Figs. 34 and 35 are a table showing numerical data of Numerical 
25 Value Example 4A and the device configuration based on the numerical data, 

respectively. Figs. 36 and 37 are a table showing numerical data of 

Numerical Value Example 4B and the device configuration based on the 
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numerical data, respectively. Either of them corresponds to Embodiment 4, 
in which that one of the two aspherical lenses 47 near the asphericl convex 
mirror 46 is made of acrylic resin and the other aspherical lens on the side 
opposite the aspherical convex mirror 46 is made of polycarbonate. 

5 In general, the temperature coefficients of refractive index and 

coefficient of linear expansion of plastic materials are two orders of 
magnitude greater than those of glass. Accordingly, special consideration 
must be given to the usage when they are used in an environment of large 
temperature variations. In particular, in Numerical Value Example 4B the 

10 two aspherical lenses 47 have their central and peripheral portions formed 
substantially equal in thickness with a view to reducing the influence of a 
temperature change on the configuration of theaspherical lenses 47. 
<Numerical Value Example 7A> 

Figs. 38 and 39 are a table showing numerical data of Numerical 

15 Value Example 7A and the device configuration based on the numerical data, 
respectively. This example corresponds to Embodiment 7 and is intended to 
reduce the depth dimension of the display device by placing the path-bending 
mirror at the position indicated by the broken line. 

Incidentally, specifications and equations for calculating theaspherical 

20 configurations in all of the above numerical value examples are the same as in 
the case of Numerical Value Example 6A except the value of the focal length 
f at the 546.1 nm wavelength. Listed below is the focal lengths f in the 
respective numerical value examples. 
4A: f=5.3881 mm 

25 4B: f=4.9898 mm 

7A: f=4.8675 mm 
8A: f=5.2190 mm 
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8B: f=5.0496 mm 
8C: f=5.5768 mm 

The verification of the numerical data shown in the above numerical 
value examples reveals that the lenses of the retro-focus optical system 62 
5 have such features as listed below. 

(Feature 1) The average value, ave_Nn, of refractive index of the 
negative lenses and the average value, ave_Np, of refractive indexes of the 
positive lenses are 1. 45 ^ave_Nn^ 1.722 and 1.722<ave_Npsl.9, respectively. 
(Feature 2) The average value, ave_vdn, of Abbe's number of the 
10 negative lenses and the average value, ave_vdp, of Abbe's number of the 
positive lenses are 25<;ave_vdn<;38 and 38<ave_vdp<;60, respectively. 

(Feature 3) The difference, dif_ave_N, between the average values of 
the refractive indexes of glass materials for the positive lenses and the 
negative lenses is 0.04<dif_ave_N^l. 
15 (Feature 4) The difference, dif_ave_vd, between the average values of 

the Abbe's number of the glass materials for the positive and negative lenses 

is 0^dif_ave_vd^l6. 

Features land 2 correspond to the case where the refractive index of 

the positive lens 48A and the refractive index of the negative lens 48B , which 
20 form the refracting optical lens 48 (a Petzval's sum correcting lens) in 

Embodiment 5, are set high and low, respectively. And materials of Abbe's 

number in the range of 70 to 90 are also commonly used for achromaticity use, 

but in the present invention the Abbe's number of the material used is smaller 

than 60 as will be seen from Feature 2. 
25 The above is the results of numerical value examples obtained with 

numerical calculations for ray tracing by a computer. 

In the present invention, since the micro-mirror device is placed off 
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the common optical axis of the projecting optical system for oblique 
incidence thereon of light, care should be taken to prevent the effective 
bundle of rays from being decreased by shading of a portion of light as by a 
lens frame. With a view to avoid this shading of light, this embodiment 
5 employs the Fig. 26 configuration. 

In Fig. 26, the back focal length (BFL), which is the distance from 
micro-mirror device 14 to the lens nearest it, and the distance from the micro- 
mirror device 14 to the position of an entrance pupil of the retro-focus optical 
system 62 are chosen to be equal to each other. This minimizes the shading 

10 of light, illuminating the screen with increased efficiency. The reason for 
this will be described below. 

Principal rays reflected off micro-mirrors of the micro-mirror device 
14 converge at the position of entrance pupil. The spread angle of the 
reflected light from each micro-mirror is fixed; when the position of entrance 

15 pupil coincides with the back focal length as shown in Fig. 40(a), rays 
converge mostly on the entrance pupil plane. Hence, the diameter of a 
refracting optical lens 66 disposed on the entrance pupil plane can be 
minimized. In this instance, a refracting optical lens 65, which transmits 
light from the illumination light source (not shown) to the micro-mirror 

20 device 14, will not shade the light from the micro-mirror device 14 to the 
refracting optical lens 66. 

In contrast to the above, when the position of entrance pupil is shifted 
from the back focal plane with sizes and positions of the refracting optical 
lenses 65 and 66 and the micro-mirror device 14 held unchanged as depicted 

25 in Fig. 40(b), the principal rays from the respective micro-mirrors converge at 
the shifted position of entrance pupil. Since the spread angle of light is fixed, 
the rays on the entrance pupil plane 66 spread more than in the case of Fig. 
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40(a), and the diameter of the lens for receiving such light inevitably 
increases. And the light incident to the refracting optical lens 66 from the 
micro-mirror device 14 is shaded by the refracting optical lens 65. This 
leads to reduction of the effective bundle of rays, resulting in the illumination 
efficiency being impaired 

For the reasons given above, the distance from the micro-mirror 
device 14 to the position of entrance pupil is set to be equal to the back focal 
length— this minimizes the diameter of the refracting optical lens and 
suppresses shading of light, providing increased illumination efficiency. It is 
a matter of course to apply the above-described shading minimization scheme 
to the other embodiments as well. In Numerical Value Examples 4 A and 4B 
the position of entrance pupil and the back focal length are virtually 
coincident; complete coincidence of them will provide the best results. 

As described above, since this embodiment uses the retro-focus optical 
system 62 composed of positive and negative lens groups, the refracting 
optical lens 63 for making fine adjustments to the angle of emission of light 
and the aspherical convex mirror 64 for correcting for distortion, it is possible 
to suppress distortion and curvature of field, permitting reduction of the depth 
dimension of the image display device. 

According to another aspect of this embodiment, the retro-focus 
optical system 62 is made up of the positive lens group 62A (62D), the 
positive lens group 62B (62E) and the negative lens group 62C (62F)~this 
also suppresses distortion and curvature of field, permitting reduction of the 
depth dimension of the image display device. 

According to another aspect of this embodiment, the retro-focus 
optical system 62 is made up of the positive lens group 62G and the negative 
lens group 62H— this also suppresses distortion and curvature of field, 
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permitting reduction of the depth dimension of the image display device. 

According to another aspect of the present invention, the average 
refractive indexes of the negative and positive lenses are set in the ranges of 
from 1.45 to 1.722 and from 1.722 to 1.9, respectively. This also suppresses 
5 distortion and curvature of field, permitting reduction of the depth dimension 
of the image display device. 

According to another aspect of this embodiment, the average Abbe's 
number of the glass materials for the negative and positive lenses are set in 
the ranges of from 25 to 38 and from 38 to 60, respectively. This also 
10 suppresses distortion and curvature of field, permitting reduction of the depth 
dimension of the image display device. 

According to another aspect of this embodiment, the average 
refractive indexes of the glass materials for the positive and negative lenses of 
the refracting optical lens are chosen such that their difference is in the range 
15 of from 0.04 to 1. This also suppresses distortion and curvature of field, 
permitting reduction of the depth dimension of the image display device. 

According to another aspect of this embodiment, the average Abbe's 
number of the glass materials for the positive and negative lenses of the 
refracting optical lens are chosen such that their difference is in the range of 
20 from 0 to 16. This also suppresses distortion and curvature of field, 
permitting reduction of the depth dimension of the image display device. 

According to still another aspect of this embodiment, the back focal 
length from the micro-mirror device 14 to the refracting optical lens nearest it 
and the distance from the micro-mirror device 14 to the position of entrance 
25 pupil of the retro-focus optical system 62 are set to coincide with each other. 
This minimizes the diameter of the refracting optical lens and minimizes the 
shading of light, providing for increased illumination efficiency. 
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EMBODIMENT 9 

This embodiment (Embodiment 9) is intended to meet thePetzvaPs 
condition by a negative lens that is interposed between the micro-mirror 
5 device and a reflector at a position where the marginal ray is low. 

Fig. 41 illustrates the configuration of an image display device 
according to this embodiment, (a) showing its whole structure and (b) its 
partially enlarged view. For brevity sake, the illumination light source, the 
micro-mirror device and the screen are not shown. Reference numerals 67 
10 and 68 denote refracting optical lenses; 69 denotes a convex mirror that has a 
positive PetzvaPs sum contributing component; 70 denotes an optical axis 
common to the refracting optical lenses 67 and 68 and the convex mirror 69; 

71 denotes a marginal ray of light traveling from the micro-mirror device (not 
shown) to the convex mirror 69; and 72 denotes a negative lens disposed at 

15 the position where the marginal ray is low. 

As referred to previously with reference to Embodiment 5, shce the 
convex mirror 69 has a positive PetzvaPs sum contributing component, the 
PetzvaPs sum of the whole projecting optical system made up of the 
refracting optical lenses 67 and 68 and the convex mirror 69 readily goes 

20 positive, giving rise to a curvature of field. To avoid this, the negative lens 

72 having a negative power of large absolute value is used to provide a 
negative PetzvaPs sum contributing component, which is utilized to reduce 
the PetzvaPs sum of the entire optical system to zero. This permits 
reduction of the curvature of field. 

25 The point of this embodiment is to place the negative lens 72 at the 

position where the marginal ray 71 is low. That is, in this embodiment the 
negative lens 72 is disposed between the micro-mirror device (not shown) and 
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the convex mirror 69 at the position where the marginal ray 71 is low. At 
this position light converges on the optical axis 70. 

With such an arrangement, light converges on and passes through a 
limited area about the center of the negative lens 72, and consequently, the 
5 lens effect of the negative lens 72 on the light is substantially negligible. 
Accordingly, it is not necessary to take into account the influence of the 
negative lens 72 on the optical path design based on the refracting optical 
lenses 67 and 68 and the convex mirror 69, and the positive Petzval's sum 
contributing component of the projecting optical system can be canceled. 
10 Since the influence of the negative lens on the optical path need not be taken 
into account and the Petzval's condition needs only to be satisfied taking into 
consideration the absolute value of the negative power of the negative lens 72 
and the refractive index of its glass material, the curvature of field can be 
reduced with ease. 

15 More specifically, the negative lens 72 may also be disposed in the 

retro-focus optical system 62 of Embodiment 6; furthermore, since the 
reflecting surface of the micro-mirror device (the light emitting surface in the 
case of a transmission spatial light modulator such as liquid crystal) 
corresponds to the position where the marginal ray 71 is low, a condenser lens 

20 (field flattener) may be placed as the negative lens 72 in proximity to the 
reflecting surface (the light emitting surface). 

The negative lens 72 is not limited specifically to a single-lens 
structure but may be of a multi-lens structure. 

As described above, according to this embodiment, since the negative 

25 lens 72 is placed at he position where the marginal ray 71 is low, it is possible 
to easily satisfy the Petzval's condition by generating the negative Petzval's 
sum contributing component that cancels the positive Petzval's sum 
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contributing component of the projecting optical system, without the need for 
considering the lens effect of the negative lens 72 on the light passing 
therethrough. Hence, the curvature of field can be reduced. 

5 EMBODIMENT 10 

Embodiment 7 minimizes the thickness or depth dimension of the 
image display device and the height of the under-the -screen portion of the 
device by the path-bending reflector 59 interposed between the refracting 
optical lens 58 and the convex mirror 60 to bend the optical path in the 
"~ 10 horizontal plane containing the optical axis 61. This embodiment 
Jif (Embodiment 10) is directed to the conditions for the arrangement of the path- 

Ji; bending reflector 59 and the refracting optical lens 58 relative to the convex 

fj mirror 60 in Embodiment 7. 

Fig. 42 is explanatory of the conditions for placement of the path- 
U 1 15 bending reflector 59. Figs. 42(a) and 42(b) are a side and a top plan view of 
O the image display device, and Fig. 42(c) is a front view of the convex mirror 

|M= 60. The parts identical to or corresponding to those in Fig. 23 are identified 

by the same reference numerals. In Fig. 42, reference numeral 73 denotes 
the optical axis of the refracting optical lens 58, and 58z denotes the refracting 
20 optical lens 58 in the case where it is assumed that the optical bending mirror 
59 is removed to bring the optical axis 61 of the convex mirror 60 and the 
optical axis 73 into alignment with each other. 

The optical axes 61 and 73 intersect at an angle 9 in the horizontal 
plane. That is, the optical axis 73 aligned with the optical axis 61 is turned 
25 through 180-9° in the horizontal plane to intersect the optical axis 61 as 
depicted in Fig. 42(b). Reference characters P and Q denotes two points on 
the line of intersection between the horizontal plane containing the optical 



axis 73 and the refracting optical lens 58, the point P being a point that is the 
closest to the optical path from the path-bending reflector 59 to the convex 
mirror 60 and the point Q being a point that is the closest to the plane in the 
flat plane 22 is set. 

5 Now, let b represent the distance between the convex mirror 

placement plane (reflecting part placement plane) where the convex mirror 60 
is disposed and the position of the path-bending reflector 59, and let those of 
points on the line of intersection between the horizontal plane containing the 
optical axis 61 and the path-bending reflector 59 which are the closest to and 

10 the farthest from the convex mirror placement plane be called the closest 
point and the farthest points, respectively. Reference character a denotes the 
distance from the closest point to the convex mirror placement plane, and c 
denotes the distance from the farthest point to the convex mirror placement 
plane. The distance c is the longest distance from the convex mirror 

15 placement plane to the path-bending reflector 59. 

Reference character m denotes the distance from the highest point of 
the path-bending reflector 59 to the optical axis 61; g denotes the distance 
from the point Q to the convex mirror placement plane; and f denotes the 
distance from the position of the exit pupil of the refracting optical lens 58z to 

20 the convex mirror placement plane. The distance g is the longest distance 
from the convex mirror placement plane to the refracting optical lens 58. 
Accordingly, the sum of the distance from the position of the exit pupil of the 
refracting optical lens 58 to the path-bending reflector 59 and the horizontal 
distance from the position of the path-bending reflector 59 to the convex 

25 mirror placement plane is equal to the distance f. 

As is evident from Fig. 42(a), it is advantageous, for minimization of 
the height of the under-the-screen portion that is the distance from the 
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lowermost end of the screen 18 to the optical axis 61, to hold the optical path 
of reflected light 75 from the convex mirror 60 as low as possible, that is, as 
close to the optical axis 61 as possible. With too low an optical path, 
however, the optical path is partly intercepted by the path-bending reflector 
59, resulting in a shadow being cast on the screen 18. Hence, the size and 
position of the path-bending reflector 59 must be determined in such a manner 
as not to intercept the reflected ray from the convex mirror 60 to the 
lowermost end of the screen 18. 

As for the position of the path-bending reflector 59, the distance a is 
maximized to ensure the passage of the reflected ray from the convex mirror 
60 along the lowest possible path. On the other hand, since the thickness or 
depth dimension of the image display device is limited to a particular value 
that is determined by the specifications for thickness reduction, the distance c 
needs to be held smaller than the limit. 

In the case of bending the optical path under the conditions mentioned 
above, if the distance f is too short, the portion of the refracting optical lens 
containing the point P intercepts the reflected ray from the path-bending 
reflector 59 to the convex mirror 60. If the refracting optical lens 58 is 
disposed so that its portion containing the point P will not intercept the 
reflected ray from the path-bending reflector 59 to the convex mirror 60, the 
distance a becomes shorter than required. On the other hand, if the distance 
f is too long, the refracting optical lens 58 is spaced more than necessary from 
the path-bending reflector 59 owing to the conditions imposed on the 
positions of the light receiving surface of the convex mirror 60 and the 
reflector 59. As a result, the path-bending reflector 59 becomes large and its 
height increases accordingly, intercepting the reflected ray 75 from the 
convex mirror 60 to the lowermost end of the screen 18. To avoid this, the 
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distance f has the optimum value. 

As will be seen Fig, 42(b), if the angle 0 of intersection between the 
optical axes 61 and 73 is set too large, the distance g or c exceeds a thickness 
or depth dimension limiting value, and the distance a increases, inevitably 
5 causing the reflected ray from the convex mirror 60 to travel along a steeper 
optical path to the lowermost end of the screen 18. 

A decrease in the angle 8 decreases the distance g or c~this is 
advantageous from the viewpoint of the thickness of the refracting optical 
lens 58 or path-bending reflector 59. With too small an angle 9, however, 
10 the portion of the refracting optical lens 58 containing the point P projects 
into the optical path from the path-bending reflector 59 to the convex mirror 
60 and intercepts the light, casting a shadow on the screen 18. Accordingly, 
the angle 6 also has the optimum value. 

In consideration of the above the path-bending angle 9 is determined 
15 such that the point P is as close to the optical path from the path-bending 
reflector 59 to the convex mirror 60 as possible within the range in which the 
point P does not intercept the reflected light. 

Once the angle 0 has been determined, it is the distance g or c that 
places a constraint on the thickness or depth dimension of the image display 
20 device; therefore, the distance f is determined so that the longer one of the 
distances g and c defines the depth dimension of the device. In particular, 
setting the distances c and g to the same value minimizes the height of the 
under-the-screen portion. 

The angle 9 may sometimes be predetermined according to other 
25 conditions of the image display device, but it can also be considered to the 
same as in the above. 

The points of the above may be summarized below in paragraphs 1 to 
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3. With the distance f and the angle 0 optimized as mentioned below, it is 
possible to suppress the height of the under-the-screen portion while 
satisfying the constraint of the thickness limiting value but without casting a 
shadow on the screen. 
5 1 . In the case of bending the optical path by means of the path-bending 

reflector 59, the angle 0 is set to such a value that the point P of the refracting 
optical lens 58 is as close to the optical path from the path-bending reflector 
59 to the convex mirror 60 as possible within the range in which the point P 
does not intercept the optical path. 

10 2. When the angle 0 is predetermined according to other conditions for 

placement of the image display device, the distance f is set to such a value 
that the point P of the refracting optical lens 58 is as close to the optical path 
from the path-bending reflector 59 to the convex mirror 60 as possible within 
the range in which the point P does not intercept the optical path and that the 

15 distance c or g defines the thickness or depth dimension of the device. 

3. With a view to minimizing the height of the under-the-screen 
portion, the angle 0 is set to such a value that the point P of the refracting 
optical lens 58 is as close to the optical path from the path-bending reflector 
59 to the convex mirror 60 as possible within the range in which the point P 

20 does not project into the optical path, while at the same time the distance f is 
set such that the distances c and g are equal to each other and defines the 
thickness or depth dimension of the device. 

When the lens portion of the point P that does not transmit the 
reflected ray (nontranmittable portion) is removed from the refracting optical 

25 lens 58, it is possible to place the refracting optical lens 58 closer to the 
optical path from the path-bending reflector 59 to the convex mirror 60. 

As is evident from, for example, Figs. 1 and 4, the entire area of the 
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reflecting surface of the convex mirror is not used to project light onto the 
screen, but the area of the reflecting surface for projecting the light is only 
one-half or less of the entire reflecting surface area. Accordingly, if such an 
unnecessary reflecting surface area (nonreflecting area) is removed as in the 
5 case of the convex mirror 60 shown in Fig. 42(c), it is possible to downsize 
the convex mirror accordingly and hence cut the manufacturing cost of the 
image display device and permit effective use of the limited space inside the 
image display device. Further, two convex mirror, equally divided from one 
convex mirror obtained by rotational formation, can be used in two image 

10 display deices— this permits simplification of the manufacturing process of 
image display devices. 

In the present invention, since the refracting optical lens 58, the path- 
bending reflector 59 and the convex mirror 61 are arranged after their shapes 
are determined, it is necessary to accurately establish optical paths with the 

15 above-mentioned optical components held in place. Fig. 43 depicts a 
retaining mechanism 74, which is used to hold the refracting optical lens 58, 
the path-bending reflector 59 and the convex mirror 60 as one piece. The 
use of such a retaining mechanism 74 allows ease in accurately forming the 
optical path between the respective optical components with their positional 

20 relationships held as predetermined. Further, the refracting optical lens 58, 
the reflector 59 and the convex mirror 60 are mounted against dislocation by 
external stress or variations of various environmental conditions (temperature, 
humidity, etc.)--this stabilizes the performance of the image display device. 
It is a matter of course that when the path-bending reflector 59 is not used, 

25 only the refracting optical lens 58 and the convex mirror 60 can be held by the 
retaining mechanism. 

Moreover, the thickness or depth dimension of the image dsplay 
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device can also be suppressed by placing the path-bending reflector between 
the first and second lens means of the refractive optical lens 58 as depicted in 
Fig. 44 instead of interposing the reflector 59 between the refracting optical 
lens 58 and the convex mirror 60 as mentioned previously with reference to 
5 Embodiment 7. In Fig. 44 the parts identical with or corresponding to those 
in Fig. 42 are identified by the same reference numerals. The light from the 
micro-mirror device (not shown) passes through the first lens means of the 
refracting optical lens 58 and is reflected by the path-bending reflector 59, 
thereafter passing through the second lens means of the lens 58 and traveling 

10 to the convex mirror 60. 

In this instance, the distance g is the longest distance from the convex 
mirror placement plane to the refracting optical lens 58. To minimize the 
height of the under-the-screen portion that is the distance from the lowermost 
end of the screen 18 to the optical axis 61, it is preferable that the refracting 

15 optical lens 58 be spaced as far apart from the convex mirror 60 as possible so 
that the optical path of the reflected ray 75 from the convex mirror 60 to the 
lowermost end of the screen 18 is as close to the optical axis 61 as possible. 
The refracting optical lens 58 intercepts the optical path of the reflected ray 
75 if it is lower than the highest point R of the exit surface of the refracting 

20 optical lens 58. To avoid this, the refracting optical lens 58 is disposed so 
that the shortest distance a between it and the convex mirror placement plane 
is as long as possible. Hence, in the case of Fig. 44, too, there is the 
optimum value for the distance f from the convex mirror placement plane to 
the exit pupil of the refracting optical lens 58. 

25 Further, as in the case where the path-bending reflector is interposed 

between the refracting optical lens and the convex mirror, the path-bending 
angle 9 needs to be minimized from the viewpoint of thickness reduction. 
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With too small an angle 6, however, the first lens means will intercept the 
optical path from the path-bending reflector to the second lens means. This 
indicates that there is the optimum value for the angle9 in the case of Fig. 44, 
too. 

5 In Embodiments 7 and 10, a prism may be used as a substitute for the 

path-bending reflector. 

EMBODIMENT 11 

Fig. 45 illustrates the configuration of an image display device 

10 according to an eleventh embodiment (Embodiment 11) of the present 
invention. For brevity sake, the illumination optical part and the screen are 
not shown. In this embodiment, the lens diameters of the light receiving and 
emitting sides of the refracting optical lens interposed between the micro- 
mirror device and the reflector are made smaller than the central lens diameter 

15 of the refracting optical lens to meet the Petzval's condition and establish an 
optical system advantageous for path-bending condition. 

In Fig. 45, reference numeral 14 denotes a micro-mirror device; 76 
denotes a refracting optical lens (refracting optical part); 77 denotes a convex 
mirror having a positive Petzval's sum contributing component; 78 denotes an 

20 optical axis common to the refracting optical lens 76 and the convex mirror 
77; and 79 denotes a marginal ray of light that travels from the micro-mirror 
device 14 to the convex mirror 77. 

In the refracting optical lens 76, reference numeral 80 denotes a 
positive lens disposed at a position where the marginal ray 79 is high, and 81 

25 and 82 denote lens groups disposed at the entrance and exit sides of the 
positive lens 80, respectively. The light from the micro-mirror device 14 
travels to the convex mirror 77 after passing through the entrance-side lens 



group 81, the positive lens 80 and the exit-side lens group 82 in this order. 

Since the convex mirror 77 has the positive Petzval's contributing 
component as referred to previously with reference to Embodiment 5, the 
Petzval's sum of the entire projecting optical system is likely to go positive, 
5 causing a curvature of field. An increase in the Petzval's sum can be 
suppressed by minimizing the power of the positive lens forming the 

refracting optical lens 76. 

This embodiment features the placement of the positive lens 80 at the 
position where the marginal ray 79 is high. That is, when the power of the 

10 positive lens 80 is reduced taking into account the Petzval's condition, the 
effect of the lens action of the positive lens 80 is also lessened. With the 
positive lens 80 of small power placed at the position of high marginal ray 
where light spread out as viewed from the optical axis, it is easy to establish a 
correspondence between minute areas of the light receiving and emitting 

15 surfaces of the positive lens 80 and the rays passing through them. This 
permits more elaborate designing of the light receiving and emitting surfaces 
of the positive lens 80, sufficiently enhancing its performance for the light 

passing therethrough. 

Contrary to Embodiment 9 in which the operational effect of the 

20 negative lens 72 is made virtually negligible by placing it at the position 
where the marginal ray 71 is low, this embodiment places the positive small 
power at the position where the marginal ray 79 is high, by which it is 
possible to suppress an increase of the Petzval's sum without impairing the 
lens action of the positive lens 80. This will be described below more 

25 specifically with reference to Fig. 45. 

In Fig. 45, the positive lens 80 at the center of the refracting optical 
lens 76 is a positive lens of positive power according to this embodiment, 
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which is disposed at the position where the marginal ray 79 is high. With the 
provision of the entrance and exit side lens groups 81 and 82 of the positive 
lens 80 as shown, the marginal ray 79 in the positive lens 80 is increased. 

Fig. 46 is a table showing Numerical Value Exanple 11A of this 
embodiment. The specifications in Fig. 46 are f=-0.74 mm (focal length at a 
546.1 nm wavelength), NA=0.17 (aperture number at the micro-mirror device 
side), Yob=14.2 mm (object height at the micro-mirror device side), and 
M=86.3 (magnification for projection). The definition of the aspherical 
configuration is the same as in Numerical Value Example 6A. 

Letting hi represent the height of the marginal ray 79 of light incident 
on the refracting optical lens 76, hm represent the maximum height of the 
marginal ray 79 of the light passing through the positive lens 80 at the center 
of the refracting optical lens 76, and ho represent the height of the marginal 
ray 76 of the light emitted from the refracting optical lens 76, these hi,hm and 
ho bear such relationships that satisfy 1.05hi<hm<3hi and 0.3hi<ho<hi. 
That is, since 0.3hi<ho<hi<hm/1.05<3/1.05-hi, ho is the smallest among the 
three values that satisfy the above two inequalities. 

With the Fig. 45 configuration in which the lens diameter ofthe exit 
portion of the refracting optical lens, it is possible not only to meet the 
Petzval's condition but also to place the refracting optical part closer to the 
optical path from the path-bending means to the reflector means than in the 
case of the larger lens diameter as described previously with respect of 
Embodiment 7; hence, there is also provided a margin in the range of 
insertion of the path-bending reflector without intercepting the optical path. 
The positive lens 80 may be formed by a plurality of lenses as described later 

on in respect of Fig. 53. 

As described above, according to this embodiment, the positive lens 



80 is interposed between the micro-mirror device 14 and the convex mirror 77 
at the place where the marginal ray 79 is high, and the power of the positive 
lens 80 is reduced to suppress an increase in the Petzval's sum of the optical 
system. Hence, it is possible to suppress the positive Petzval's sum 
5 contributing component of the projecting optical system through effective 
utilization of the lens action of the positive lens 80, permitting reduction of 

the curvature of field. 

Further, since the height hi of the marginal ray 79 of light incident to 
the refracting optical lens 76, the maximum heighthm of the marginal ray 79 

10 of light passing through the positive lens 80 disposed intermediately of the 
refracting optical lens 76 and the height ho of the marginal ray 79 emitted 
from the refracting optical lens 76 are chosen to satisfy 1.05hi<hm<3hi and 
0.3hi<ho<lhi, it is possible to suppress the positive Petzval's sum 
contributing component of the projecting optical system, permitting reduction 

15 of the curvature of field. 

Besides, by satisfying the relationships 1.05hi<hm<3hi and 
0.3hi<ho<hi, the lens diameter of the exit portion of the refracting optical lens 
76 can be reduced-this provides a margin in the range of insertion of the 
path-bending reflector. 

20 

EMBODIMENT 12 

In Embodiment 4 the effective display area of the micro-mirror device 
14 is disposed off the optical axis of an odd-order aspherical surface to 
reflect/transmit light except the central area of the odd-order aspherical 
25 surface (a point on the optical axis), projecting the light onto the screen 18. 
Since the central area about the optical axis is not used, the odd-order 
aspherical surface can be used, by which the degree of flexibility of the 



aspherical convex mirror increased to provide enhanced image formation 
performance. In this embodiment (Embodiment 12) the position of image 
formation in the peripheral portion is shifted in the direction of the optical 
axis relative to the position of image formation at the center of the optical axis 
5 to provide flexibility in the design of the optical system, thereby increasing 
the image formation performance. 

Fig. 47 is a diagram showing image formation in a common optical 
system. Reference numeral 14 denotes a micro-mirror device disposed off 
the optical axis; 83 denotes a refracting optical lens (projecting optical 
10 means); 84 denotes a convex mirror (projecting optical means); 85 denotes a 
image formation plane containing an image-forming position at the center of 
the optical axis and perpendicular to the optical axis; and 86A and 86B denote 
image-forming positions in the image formation plane 85. 

In the optical system of Fig. 47, the image formation plane 85 is set in 
15 a plane perpendicular to the optical axis relative to the image-forming 
position at the center of the optical axis, and the off-axis image-forming 
positions 86A and 86B are set in the image formation plane 85. In a wide- 
angle optical system, however, it is difficult to contain two image-forming 
positions in the same plane, and the image-forming positions are displaced 
20 with varying degrees, resulting in the image surface being curved. The 
curvature of field can be reduced by such schemes described previously with 
reference to Embodiments 5, 9 and 11. 

In this embodiment, since the center of optical axis is not used, it does 
not matter even if the image-forming position at the center of the optical axis 
25 and the actual off-axis image-forming position differ from each other. Fig. 
48 depicts an example of an optical system in which the image surface is 
curved. Reference numeral 87 denotes a refracting optical leans; 88 denotes 
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a convex mirror; 89 denotes a curved image surface; and 90A and 90B 
denotes off -axis image-forming positions. 

The point of this embodiment is that such a curvature of field as 
indicated by the curved image surface 89 is allowed in image formation. In 

5 this case, a lens configuration free from the constraints of the Petzval's 
condition is feasible to implement. This relaxes the limitations on the 
refractive index and dispersion characteristic of the optical material for the 
refracting optical lens 87, increasing flexibility in its design and hence 
providing increased image formation performance. 

10 As described above, according to this embodiment, since the image- 

forming position at the center of the optical axis is set in a plane different 
from that in which the image-forming position around the optical axis, 
flexibility in designing the refracting optical lens 87 increases, permitting 
implementation of an image display device of excellent image formation 

15 performance. 

EMBODIMENT 13 

This embodiment (Embodiment 13) is intended to further reduce the 

curvature of field. 

20 As shown in the numerical value examples described above, the 

peripheral portion of the convex mirror is likely to become warped. The 
curvature of the convex mirror at the center of the optical axis is convex, but 
the curvature of the warped portion is concave. The reflector of the convex 
curvature diverges light, whereas the reflector of the concave curvature 

25 converges light. Accordingly, it is necessary, for the formation of an image 
on the screen, that light from the refracting optical part for incidence to the 
convex mirror be convergent at the center of the optical axis but divergent in 



the peripheral portion. 

Taking into consideration the fact that the lens, which produces a 
convergent bundle of rays at the center of the optical axis, produces a 
convergent bundle of rays in the peripheral portion as well, it is easily 
5 presumable that much difficulty would be encountered in designing a 
refracting optical lens that meets the above-mentioned requirements. In 
other words, the use of an ordinary refracting optical lens will develop a 
significant curvature of field. Hence, the suppression of warping of the 
peripheral portion of the convex mirror is highly effective in suppressing the 
S 10 curvature of field. This embodiment is to prevent warping of the peripheral 
m portion of the convex mirror by adding a pupil aberration to the exist pupil of 

S the refracting optical lens as will be described below. 

fj Fig. 49 illustrates the configuration of the image display device 

L according to this embodiment. Reference numeral 91 denotes a refracting 

15 optical lens (refracting optical part); 92 denotes a convex mirror with its 

0 peripheral portion warped; 93 denotes a convex mirror with the warp of its 

1 peripheral portion corrected; 94 denotes the optical axis common to the 

refracting optical lens 91 an the convex mirrors 92 and 93; 95 denotes an 
emitted ray near the optical axis; 96 a ray reflected by the convex mirror from 

20 its peripheral portion; 97 denotes exist pupil of the refracting optical lens 91 
for the emitted ray 95; 98 denotes the exit pupil of the refracting optical lens 
91 for the reflected ray 96; and 99 denotes a ray from the peripheral portion in 
the case of emanation from the exit pupil 97. 

Usually the emitted ray traveling near the optical axis 9L and the 

25 emitted ray from the peripheral portion are both emitted from the exit pupil 97 
of the refracting optical lens 91 as indicated by 95 and 99. As will be seen 
from the relationships of the emitted ray 96, the convex mirrors 92 and the 93, 
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in the case where the emitted ray 96 is reflected by the convex mirror 92 and 
corrected for distortion, the exit pupil may be at the position indicated by 97, 
but in the case where the emitted ray 96 is reflected by the convex mirror 93 
with its peripheral portion unwarped and corrected for distortion, the exit 
5 pupil 97 near the center of the optical axis 94 and the exit pupil 98 for the 
emitted ray from the peripheral portion need only to be intentionally shifted as 

depicted in Fig. 49. 

By adjusting the position and angle of incidence of light to the convex 
mirror 93 as described above, it is possible to prevent warping of the marginal 
10 portion of the convex mirror and hence suppress the curvature of field. 
Incidentally, this feature is common to all the numerical value examples 
mentioned above. 

EMBODIMENT 14 

15 This embodiment (Embodiment 14) is intended to provide increased 

image formation performance by allowing distortion that occurs in the 
refracting optical part in the vicinity of the center of the optics. 

Fig. 50 is explanatory of an image display device according to this 
embodiment. Reference numeral 100 denotes a screen; 101 denotes an 

20 optical axis common to a projecting optical system (not shown) and the screen 
100; and 102 denotes the maximum range in which a circle with its center at 
the optical axis 101 crosses only the base of the screen 100. 

In the optical system, since the constraint of distortion is a big factor 
in defining the image formation performance, it is possible to increase the 

25 image formation performance by eliminating the constraint. When distortion 
occurs, an image in the peripheral area of the screen is displayed distorted, or 
excessively large or small relative to the screen frame. To avoid this, the 
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area subject to the influence of distortion needs to be minimized. 

The absolute value of distortion, which is produced by the projecting 
optical part, is increased within the range 102 of the circle about the optical 
axis 101 that intersects the base of the screen 100 but does not intersect the 

5 other sides as depicted in Fig. 50, and the absolute value of the distortion is 
held small in the area outside the circle. As a result, the influence of the 
distortion can be limited only to the base of the screen 100, and near the other 
three sides images can be formed correctly in rectangular shape. 

Further, the distortion that occurs in the optical system is defined by 

10 the ratio of distortion to the distance from the optical axis. That is, the actual 
amount of distortion increases with distance from the optical axis even if the 
value of optical distortion calculated in percentage is the same. From a 
visual perspective, a distorted image is not easily discernible in the inside area 
of the display screen, but when the display screen boundary portion, which 

15 ought to be straight, becomes curved owing to distortion of the outermost 
periphery of the display screen, it is readily discernible. According to the 
present invention, distortion is produced for one side near the optical axis, and 
hence linearity of image formation is lost for this side; however, since the 
distance from the optical axis to this side is short, the relative distortions for 

20 the other sides are reduced and the boundary portions along the three sides do 
not easily become curved. Moreover, if the optical axis lies on this side, 
linearity is not lost for the outside boundary portion. 

This feature is particularly effective when plural displays are used in 
combination as depicted in Fig. 51. In Fig. 51, reference numerals 100A to 

25 100F denote screens; 101A to 101F denote optical axes each of which is 
common to a projecting optical part (not shown) of each image display device 
and one of the screens 100A to 100F; and 102A to 102F denote the maximum 
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ranges in which circles about the optical axes 101 A to 101F intersect only the 
bases of the screens 100 A to 100R 

In such a multi-display as shown in Fig. 51, too, if distortions in the 
areas along other sides than the base are suppressed, substantially no 
5 overlapping of pictures or splitting of a picture occurs at the joints of display 
screens. 

The above configuration is based on numerical calculations. Results 
of concrete numerical calculations will be given below as Numerical Value 
Example 14A. 

10 <Numerical Value Example 14A> 

Figs. 52 and 53 are a table showing numerical data of this example 
and a schematic diagram depicting the device configuration based on the 
numerical data. The specifications in Fig. 52 are f=3.31 mm(focal length at 
a wavelength of 546.1 nm), NA=0.17 (micro-mirror device side aperture 

15 number), Yob=14.65 (micro-mirror device side object height) and M=86.96 
(projecting magnification). 

In Fig. 54 there are shown the results of numerical calculations of 
distortion in Numerical Value Example 14A. In Fig. 55 there are shown the 
distortion in Numerical Value Example 4A for comparison with the distortion 

20 in the design that allows distortion. As is evident from Fig. 55, the distortion 
in Numerical Value Example 4 A is approximately 0.1% or below, whereas in 
Numerical Value Example 14A shown in Fig. 54, distortion is allowed up to 
2% in the range in which the image height is small which indicates the 
distance from the optical axis. 

25 Incidentally, the distortion produced in the optical system in the device 

configuration designed to allow distortion can be corrected for by modifying 
the mirror surface that is used for path-bending use. That is, the distortion of 
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the entire image display device can be corrected for by distorting the shape of 
the plane mirror 22 that reflects light from the projecting optical system 17 to 
bend its optical path to the screen 18. 



5 EMBODIMENT 15 

This embodiment (Embodiment 15) implements two design ideas for 
the convex mirror, the one of which increases the environmental characteristic 
with respect to a temperature change and the other of which facilitates 
alignment in the assembling of the image display device. 

10 Fig. 56 is explanatory of the image display device according to this 

embodiment. Fig. 56(a) is a side view of the image display device with the 
illumination light source system and the screen omitted for brevity sake. 
Figs. 56(b) and (c) are a top plan and a front view of the convex mirror. In 
Fig. 56, the z-axis is set in the direction of the optical axis of the convex 

15 mirror, the x-axis crosses the z-axis at right angles in the plane containing the 
optical axis, and the y-axis crosses the x- and z-axes at right angles. 

In Fig. 56, reference numeral 14 denotes a micro-mirror device; 103A 
and 103B denote the refractive optical lenses (refracting optical parts) used in 
the embodiments described so far; 104 denotes a convex mirror (reflecting 

20 part) characteristic of this embodiment; and 105 denotes an optical axis 
common to the refracting optical lenses 103 A and 103B and the convex 
mirror 104. The convex mirror 104 is one that is obtained by cutting off 
nonreflecting portions 104C from a convex mirror 104O rotationally 
symmetric with respect to the optical axis 105 (see Figs. 56(b) and (c) and 

25 Embodiment 10). 

Reference numeral 104F denotes a front surface of the convex mirror 
104 that reflects rays of light from the refracting optical lenses 103 A and 
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103B, and 104R denotes a rear surface or the back of the convex mirror 104. 

In this embodiment the aspherical configuration of the front surface 
104 is designed through ray tracing to correct for distortion; hence, if 
respective portions of the convex mirror contract or expand with different 
5 degrees due to a temperature change in the use environment, the shape of the 
front surface 104 subtly changes and affects the correction for distortion. To 
cope with such a temperature change, the thickness of the convex mirror 104 
from the front 104F to the rear 104R thereof is made uniform— this is the first 
one of the design ideas of the convex mirror 104, 
10 Fig. 57 is explanatory of changes in the form of the convex mirror 

thickwise thereof by a temperature change. Fig. 57(a) shows contraction of 
the convex mirror 104 and Fig. 57(b) its expansion. The parts identical with 
or corresponding to those in Fig. 56 are identified by the same reference 
numerals. 

15 Since the convex mirror 104 is made of a material of the same 

coefficient of linear expansion, the uniform thickness from the front 104F to 
the rear 104R ensures that the convex mirror 104 undergoes the same 
thickness variation throughout it when temperature changes. Accordingly, 
the entire areas of the front and rear surfaces 104F and 104R (indicated by the 

20 broken lines) designed through ray tracing contract and expand in parallel to 
the optical axis 105 as indicated by the solid lines 104'F and 104R% 
respectively. Since the convex mirror 104 undergoes the same thickness 
variation throughout it, the front surface 104F retains the shape of the front 
surface 104F. Thus it is possible to prevent a change in the shape of the 

25 front surface 104 by an ambient temperature change. 

The other design idea for the convex mirror 104 is to provide low- and 
high-reflectivity areas 104L and 104H in the front surface 104F in proximity 
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to the optical axis 105 as depicted in Fig. 56. The reflectivity of the area 
104L is appreciably lower than the reflectivity of the area 104H. 

In the convex mirror 104 of the image display device of the present 
invention in which the micro-mirror device 14 is disposed out of alignment 
5 with the optical axis 105, since the area of the front surface 104F near the 
optical axis 105 (non-projecting front area) is not used to reflect light to the 
screen or plane mirror, the low- and high reflectivity areas 104L and 104H are 
provided in the front surface 104F in proximity to the optical axis 105. 

The area of the front surface 104F close to the optical axis 105 is 
10 lower than the point of reflection 106P in the front surface 104F of a ray 106 
that travels along an optical path close to the optical axis 105 between the 
refracting optical lens 103B and the convex mirror 104 as depicted in Fig. 
56(a). 

The low- and high reflectivity areas 104L and 104H are not aspherical 
15 but are formed in a flat area that is circular (semicircular) about the optical 
axis 105 and crosses it at right angles. Let R represent the distance from the 
point of intersection of the front surface 104F and the optical axis 105 to the 
reflecting point 106P. The low- and high reflectivity areas 104L and 104H 
are formed in concentric circles (semicircles) of radii rL and rH smaller than 
20 R, respectively. Since rL>rH, the high-reflectivity area 104H lies inside the 
low-reflectivity area 104L and the former is closer to the optical axis 105 than 
the latter. 

The provision of the low- and high-reflectivity areas 104L and 104H 
in the surface of the convex mirror 104 facilitates alignment in the assembling 
25 of the image display device. 

Fig. 58 is explanatory of an alignment scheme using the convex mirror 
104. The parts corresponding to those in Fig. 56 are identified by the same 
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reference numerals and characters. 

Reference numeral 107 denotes a laser that emits laser light (straight- 
traveling light); 108 denotes an isolator that permits the passage therethrough 
of the laser light from the laser 107 only in one direction to protect the laser 
5 107 from reflected-back light; 109 denotes a half mirror interposed between 
the isolator 108 and the convex mirror 104; and 110 denotes a detector for 
detecting the power of the laser light. The arrows marked with 111 and 112 
respectively indicate emitted laser light and reflected-back laser light during 
alignment, and the two-dot-chain line marked with 113 indicates a virtual 
10 optical axis formed by the emitted laser light 111 and the reflected-back laser 
light 112. 

In the first place, the virtual optical axis 113 for the convex mirror 104 
is set using the arrangement depicted in Fig. 58(a). The laser light emitted 
from the laser 107 in parallel to the horizontal passes through the isolator 108 

15 and the half mirror 109 and hence travels toward the convex mirror 104. At 
this time, the attitude of the convex mirrorl04 is fine-tuned by a manipulator 
or the like for translational adjustment Mx in the x-axis direction, rotational 
adjustment Rx about the x-axis, translational adjustment My in the y-axis 
direction and rotational adjustment Ry about the y-axis to reflect the laser 

20 light 111 by the high-reflectivity area 104H to the half mirror 109 to 
maximize the power of the laser light 112 that is detected by the detector 110. 

The maximum power of the laser light 112 is detected when the 
convex mirror 104 takes the most desirable attitude, that is, when the laser 
light 111 traveling from the half mirror 109 to the convex mirror 104 and the 

25 laser light 112 traveling from the convex mirror 104 to the half mirror are 
completely aligned with each other. With the high-reflectivity area 104H of 
the plane mirror held at right angles to the laser light 111, the laser light 
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beams 111 and 112 are brought into complete alignment with each other to 
form the virtual optical axis 113. 

When the convex mirror 104 is significantly displaced from its 
desirable attitude, the laser light 112 reflected by the convex mirror 104 is not 
incident to the detector 110 through the half mirror 109, and consequently the 
detector 110 does not detect power. Even if the convex mirror 104 
approaches its desirable attitude, an optical-axis misalignment, if any, will 
cause reflection of the laser light 111 by the low -reflectivity area 104L of the 
plan mirror to the half mirror 109. Since the low-reflectivity area 104L is 
low in reflectivity, the power of the laser light 112 reflected by the half mirror 
to the detector 110 is low-level; hence, the optical-axis misalignment can be 
detected. This indicates that the value of the radius rH of the high- 
reflectivity area needs only to be determined according to acceptable limits of 
optical-axis misalignment. 

With the light receiving surface of the detector 110 formed by four 
photodetectors 110A, HOB, HOC and HOD arranged in a 2 by 2 matrix (Fig. 
58(c)), the inclinations Rx and Ry of the convex mirror 104 can be detected 
and adjusted with high accuracy by conducting differential calculations of 
output signals from the photodetectors 110A to HOD. 

Further, by adding the outputs from the four photodetectors 11 OA to 
HOD, it is possible not only to detect the power of the light incident to the 
entire area of the light receiving surface of the detector 110 but also to detect 
optical axis misalignments Mx and My. Accordingly, this arrangement 
permits comprehensive adjustments toMx, My, Rx and Ry. 

In this way, the virtual optical axis 113 by the laser light beams 111 
and 112 can be produced by making fine adjustments to the attitude of the 
convex mirror 104 while monitoring the laser light 112 that is detected by the 
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detector 110. 

Next, the arrangement of Fig. 58(b) is used to make amendments for 
alignment between the refracting optical lenses 103A and 103B. The 
refracting optical lenses 103A and 103B are inserted in the arrangement of 
Fig. 58(a) with the virtual optical axis 113 produced. In this instance, too, 
when the refracting optical lenses 103A and 103B assume their desirable 
attitudes, the laser light beams 111 and 112 pass through the centers of the 
refracting optical lenses 103A and 103B. 

That is, when the laser light beams 111 and 112 pass through the 
centers of the refracting optical lenses 103 A and 103B at right angles, the 
optical lenses 103A and 103B exert no lens action on the laser light 112, 
allowing the detector 110 to detect the maximum power of the laser light 112. 
This state corresponds to the state in which the optical axes of the refracting 
optical lenses 103A and 103B are aligned with the virtual optical axis 113. 

As described above, this embodiment uses the convex mirror 104 of 
uniform thickness, and hence suppresses a change in the shape of the front 
surface 104F by a temperature change, providing enhanced environmental 
characteristic of the image display device. 

Further, according to this embodiment, since the convex mirror 104 
has in its front surface 104F the low-reflectivity area 104L formed close to the 
optical axis 105 and the high-reflectivity area 104H formed in closer to the 
optical axis 105 than the low-reflectivity area 104L, the size of the high- 
reflectivity area 104H being determined according to the permissible range of 
the optical-axis misalignment. Accordingly, it is possible to produce the 
virtual optical axis 113 through monitoring of power by the detector 110 and 
calculations and hence facilitate alignment of the convex mirror 104 and the 
refracting optical lenses 103 A and 103B in assembling the image display 
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device. 

EMBODIMENT 16 

Fig* 59 illustrates the configuration of an image display device of a 
sixteenth embodiment (Embodiment 16) of the present invention. For 
brevity sake, the illumination light source system, the plane mirror and the 
screen are not shown. 

Reference numeral 14 denotes a micro-mirror device (transmitting 
means); 114 denotes a cover glass for protecting the reflecting surface (light- 
emitting surface) of the micro-mirror device 14; 115 denotes a compensator 
glass (transmitting means) for compensating for variations in the optical 
thickness of the cover glass 114; 76 and 77 denote the refracting optical lens 
(refracting optical part) and the convex mirror (reflecting part) used in the 
embodiments described above, respectively; 78 denotes an optical axis 
common to the refracting optical lens 76 and the convex mirror 77. 

The micro-mirror devicB 14 has mounted thereon the cover glass 114 
for protecting the reflecting surface formed by many micro-mirrors. Light 
from an illumination light source (not shown), which is made up of a light- 
emitting means, a parabolic reflector and a condenser lens, is incident to the 
reflecting surface of the micro-mirror device 14 through the cover glass 114. 
And the light intensity -modulated by the reflecting surface passes through the 
cover glass 114 and travels to the refracting optical lens 76 and the convex 
mirror 77. 

By the way, the thickness of the cover glass 114 does not always have 
a fixed standard value, but it is held within a tolerance defined by the 
difference between permissible maximum and minimum values of thickness. 
Accordingly, the cover glass usually has a different thickness. Further, the 
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standard value of thickness may sometimes undergo a design change. Since 
the light used in the image display device is certain to pass through the cover 
glass 114, such a thickness variation of the cover glass 114 affects the light 
passing therethrough, resulting in the design of optical paths throughout the 
5 optical system being determined by a different thickness of the cover glass 
114. 

In this embodiment the compensator glass 115 is interposed between 
the illumination light source system (not shown) or refracting optical lens 76 
and the cover glass 114 to compensate for the thickness variation of the cover 
10 glass of the latter. 

* 

A description will be given, with reference to Fig. 60, of a scheme for 
compensating for the thickness variation of the cover glass 114 by the 
compensator 115. 

Figs. 60(a) to (c) show the relationships between the thickness of the 
15 cover glass 114 and the compensator glass 115. It is assumed, for 
simplicity's sake, that the refractive index nl of the cover glass 114 and the 
refractive index n2 of the compensator glass 115 are equal (where nl=n2=n), 
but the refractive indexes may differ as described later on. 
^Reference State 

20 Fig. 60(a) shows the case where the thickness tl of the cover glass 114 

has a reference value Tl. In this instance, light is emitted from and reflected 
back to the micro-mirror device 14 covered with the cover glass 114 through 
the compensator glass 115 of a thickness t2=T2. Accordingly, the light 
equivalently passes through a glass medium of a thickness t=Tl+T2 and a 

25 refractive index n. Other optical systems such as the illumination light 
source system, the refracting optical lens 76 and the convex mirror 77 are 
designed with the assumption that the glass medium of the thickness T1+T2 
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and the refractive index n is present. 
^Compensation Example 1 

Fig. 60(b) shows the case where the thickness tl of the cover glass 114 
deviates from the reference value Tl by an individual difference AT (AT 
5 containing a plus or minus sign) to T14AT. In this case, the light is emitted 
from and reflected back to the micro-mirror device 14 covered with the 
covered glass 114 through the compensator glass 115 of a thickness 
t2=T2-AT. 

That is 7 since the sum total of the thickness tl=Tl+AT of the cover 
10 glass 114 and the thickness t2=Tl-AT of the compensator glass 115 is the 
same as the thickness t=Tl+T2 as in the reference state, the light emitted from 
and reflected back to the micro-mirror device 14 equivalently passes through 
the glass medium of the thickness t=Tl+T2 and the refractive index n. 
Accordingly, although a variation AT is caused by the individual difference of 
15 the thickness tl of the cover glass 114, it is possible to cancel the variation AT 
can by changing the thickness t2 of the compensator glass 115, allowing the 
use of the optical systems in their reference state without involving design 
changes. 

^Compensation Example 2 
20 Fig. 60(c) shows the case where the thickness tl of the cover glass 114 

design-changed from the reference value Tl to another reference value T3. 

In this case, light is emitted from and reflected back to the micro-mirror 

device 14 covered with the cover glass 114 through the compensator glass 115 

of a thickness t2=T2-(T3-Tl)=T2-AT. 
25 As is the case with Compensation Example 1, the sum total of the 

thickness tl=Tl+(T3-Tl)=Tl+AT of the cover glass 114 and the thickness 

t2=T2-(T3-Tl)=T2-AT of the compensator glass 115 is the same value 
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t=Tl+T2 in the above-mentioned reference state; hence, the light emitted 
from and reflected back to the micro-mirror device 14 equivalently passes 
through the glass medium of the thickness t=Tl+T2 and the refractive index n. 
Accordingly, although the thickness deviation AT is caused by the design 
change of the thickness tl of the cover glass 114 from the reference value Tl 
to T3, it is possible to cancel the thickness deviation AT by changing the 
thickness t2 of the compensator glass 115, permitting the use of the optical 
systems in their reference state without involving design changes. 

As will be seen from the above, in this embodiment, depending on 
whether the variation (or deviation) in the thickness tl of the cover glass 114 
increases or decreases from the reference value Tl, the reference value T2 of 
the thickness t2 of the compensator glass 115 is decreased or increased by the 
variation (or deviation) AT to obtain the fixed sum total tl=Tl+T2. Hence, 
the glass medium of the refractive index n and the thickness t=Tl+T2 can be 
regarded as being equivalently mounted on the reflecting surface of the 
micro-mirror device 14, and the optical systems in their reference state can be 
used intact regardless of the variation (or thickness deviation). Of course, 
this embodiment is not limited specifically to the micro-mirror device 14 but 
is also applicable to liquid crystal or other spatial light modulator. 

While in the above the cover glass 114 and the compensator glass 115 
have been described to have the same refractive index n, it is more realistic to 
consider the cover glass 114 and the compensator glass 115 in terms of their 
optical thickness on the assumption that they have different refractive indexes 
nl and n2. 

That is, assuming that the cover glass 114 and the compensator glass 
115 have optical thicknesses tl/nl and t2/n2, respectively, the thickness t2 and 
refractive index n2 of the compensator glass 115 are so chosen as to satisfy 
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the condition "tl/nl+t2/2=constant This permits compensation for 

variations in the thickness tl and refractive index nl of the cover glass 114. 

With the use of a mechanism (compensator glass attaching and 

detaching mechanism) by which the compensator glass 115 is detachably 
5 mounted on the light-incident side of a lens-barrel (not shown) holding the 

refracting optical lens 76, the compensator glass 115 can be replaced with one 

that has the optimum thickness corresponding to a change in the thickness of 

the cover glass 114 or its thickness variation. 

<Numerical Value Example 16A> 
10 The results of numerical calculations in the case of using the 

compensator glass 115 will also be described below in brief. 

Figs. 61 and 62 are a table showing numerical data of this example 

and a diagram depicting the device configuration based on the numerical data. 

The parts or components identical with or corresponding to those in Figs. 45 
15 and 59 are identified by the same reference numerals. The specifications in 

Fig. 61 are f=3.39 mm (focal length at the 546.1 nm wavelength), NA=0.17 

(micro-mirror device side numerical aperture) Yob=14.65 mm (micro-mirror 

device side object height) and M=86.96 (projecting magnification). In Fig. 

62 the cover glass 114 is shown as a unitary structure with the compensator 
20 glass 115 since the former was calculated as being contained in the latter. 

In Fig. 61 the 4.5 mm thickness of the second surface is given as the 

sum of the thicknesses of the cover glass 114 and the compensator glass 115. 

This is the result of correction for aberration made on the assumption, for 

instance, that the reference thickness of the cover glass was 3 mm and the 
25 thickness of the compensator glass 1.5 mm. 

As described above, according to this embodiment, there is disposed 

between the cover glass 114 mounted on the reflecting surface of the micro- 
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mirror device 14 and the refracting optical lens 76 or illumination light source 
system the compensator glass 115 of an optical thickness that is decreased or 
increased in accordance with a variation in the optical thickness of the cover 
glass which is increased or decreased according to a manufacturing tolerance 
5 or design change. Since light is emitted from and reflected back to the 
reflecting surface of the micro-mirror device 14 through the compensator 
glass 115, the thickness variation of the cover glass 114 can be canceled and 
the reflecting surface of the micro-mirror device 14 can be regarded as being 
protected by a glass medium of a fixed optical thickness at all times. This 

10 permits utilization of the illumination light source system, the refracting 
optical lens 76 and the convex mirror 77 without involving design changes. 

Moreover, since provision is made to detachably mount the 
compensator glass 115 on the light-incident side of the lens-barrel (not 
shown) holding the refracting optical lens 76, the compensator glass 115 can 

15 be replaced with one that has the optimum thickness corresponding to a 
thickness change of the cover glass 114 or its thickness variation. 



EMBODIMENT 17 

Fig. 63 is a perspective view of an image display device that uses the 
20 plane mirror 22 in Embodiment 1 (Fig. 4) and the path-bending reflector 59 in 
Embodiments 7 and 10 (Fig. 23 and others). The parts identical with or 
corresponding to those in Figs. 4 and 23 are identified by the same reference 
numerals and characters. For brevity sake, the converging optical system 
including the illumination light source system, the micro-mirror device and 
25 the refracting optical lens are not shown. 

Reference numeral 116 denotes generally the image display device of 
a rectangular prismatic configuration; 117 denotes a under-the-screen portion 
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of the image display device 116; and 118 denotes the horizontal bottom of the 
image display device 116. The plane in which the screen 18 and the convex 
mirror 60 are placed and the plane in which the plane mirror 22 is placed 
cross the bottom 118 at right angles. The plane that contains the optical axis 
5 61 and crosses the bottom 118 divides the image display device into halves. 
The |-axis is normal to the screen 18, the \p-axis is normal to the bottom 118, 
and the £-axis is perpendicular to the §- and ijj-axes. 

Reference numeral 119 denotes a ray that is reflected at a point P 
(third point) on the convex mirror (reflecting part) 60 toward a point Q 

10 (second point) on the plane mirror 22; and 120 denotes a ray that is reflected 
at the point Q on the plane mirror 22 toward a point R (first point) on the 
screen (display means) 18. The point R is on the base of a square image 
display on the screen 18 (which base is parallel to and close by the bottom 
118) and is the remotest point from the center of the image. Reference 

15 numerals 121 and 122 denotes segments formed by projecting the rays 119 
and 120 onto the bottom 118 from thea|>-axis direction, and points P', Q' and 
R' (third, second and first points of projection) formed by projecting the 
points P, Q and R onto the bottom 118 from the\i)-axis direction. 

Fig. 63(b) shows a space (placement space) S defined by the points P, 

20 Q, R, P% Q' and R'. In this embodiment, attention is paid to the space S as a 
space for placement of the converging optical system and care is taken not to 
increase the height of the under-the-screen portion 117. The rays 119 and 
120 are rays corresponding to the point R; if components of the converging 
optical system are so placed in the space S as not to shade the rays 119 and 

25 120, they will not shade all the other rays. 

Fig. 64 depicts the configuration of an image display device according 
to this embodiment, Fig. 64(a) being a front view of the under-the-screen 
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portion of the image display device as viewed from the %-axis direction and 
Fig. 64(b) a top plan view of the image display device as viewed from thei|)- 
axis direction. The parts identical with or corresponding to those in Figs. 1, 
4, 23 and 63 are identified by the same reference numerals and characters. 
5 Figs. 65(a) and (b) show, in section, the image display device in the planes A- 
A' and B-ET perpendicular to the screen 18. The plane B-ET is closer to the 
segment Q-Q ? than the plane A- A'. 

In Fig. 64, reference numeral 123 denotes an illumination light source 
system (transmitting means, illumination light source part, principal part of 
10 converging optical system) composed of a luminous or light emitting element 
® 11, a parabolic mirror 12 and a condenser lens 13; 124 denotes a color wheel 

2 (transmitting means, principal part of converging optical system) which 

W sequentially colors rays (illumination light) from the illumination light source 

system 123 in three primary colors; 125 denotes a rod integrator (transmitting 
IH 15 means, principal part of converging optical system) which receives light from 
O the color wheel 124 on its plane of incidence and emits light of illuminance 

fl distribution made uniform from its pane of emission; 126 denotes a relay lens 

(transmitting means, principal part of converging optical system) which relays 
the light from the rod integrator 125. 
20 Reference numerals 127 and 128 denote a second path-bending 

reflector (second path-bending means) and a third path-bending reflector 
(third path-bending means) characteristic of this embodiment; and 129 
denotes a field lens (transmitting means) which launches the light from the 
relay lens 125 to the micro-mirror device (transmitting means, reflection type 
25 image information imparting part) 14. The light from the relay lens 126 is 
reflected by the second and third path-bending reflectors 127 and 128 in this 
order toward the field lens 129. 
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The converging optical system for gathering light to the micro-mirror 
device 14 comprises the illumination light source system 123, the color wheel 
124, the rod integrator 125, the relay lens 126, the second and third path- 
bending reflectors 127 and 128, and the field lens 129; in particular, the 
5 illumination light source system 123, the color wheel 124, the rod integrator 
125 and the relay lens 126 will hereinafter be referred to as principal 
components of the converging optical system. 

Reference numeral 130 denotes an optical axis common to the 
principal components of the converging optical system, and 131 denotes an 
10 excess space in the image display device 116. In an ordinary image display 
device such an excess space is removed and hence is not regarded as a space 
where to place optical components. In Fig. 64 the principal components of 
the light-gathering system are disposed in he space S with the optical axis 130 
held in parallel to the bottom 118 of the display device 116 and the light 
15 receiving surface of the screen 18 for the reasons given below. 

When the illumination light source system 123 having the optical axis 
130 in the horizontal plane inclines to a position 123A with an optical axis 
130A and the angle 6 between the optical axes 130 and 130A is in excess of a 
prescribed value (15°, for instance) as depicted in Fig. 66, the internal 
20 temperature distribution of the light emitting member 11 (short-arc discharge 
lamp) of the light source 123 goes out of spec, leading to reduction of its 
service life. This can be avoided by the above-mentioned arrangement. 
When turned about the optical axis 130, however, the illumination light 
source system 123 does not present any problem. 
25 Fig. 67 depicts usage patterns of the image display device 116. In 

Fig. 67(a) the bottom 118 held horizontal; in Fig. 67(b) the bottom 118 is held 
somewhat oblique to the horizontal plane, for example, when the image 
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display device 116 is hung on a wall; and in fig. 67(c) the bottom 118 is held 
somewhat oblique to the horizontal plane when the image display device is 
hung on a wall upside down. The above arrangement is to deal with such 
usage patterns of the image display device 116. 
5 Moreover, the Fig. 64 arrangement is aimed at reducing the thickness 

of the image display device 116 (minimization of the size in the^-axis 
direction) and suppressing the height of the under-the-screen portion 117 
(minimization of the size of the under-the-screen portion 117 in thex^-axis 
direction). With such an arrangement, even if the image display device 116 

10 is tilted as depicted in Figs. 67(b) and (c), the illumination light source system 
123 is turned about the optical axis 130; therefore, it is possible to deal with 
various usage patterns of the image display device 116 without shortening the 
useful life of the illumination light source system 123. In this instance, large 
optical components are placed in a region closer to the plane B-B' than that 

15 A-A ? so that they do not shade the light (indicated by the hatch lines) from the 
convex mirror 60 to the screen 18. 

Incidentally, as described previously with reference to Embodiments 7 
and 10, the plane mirror 22 is held in parallel to the screen 18, and the 
positions of the refracting optical lens 58 and the micro-mirror device 14 are 

20 determined by the positions of the path-bending reflector 59 and the convex 
mirror 60 properly disposed with respect to the plane mirror 22. 
Accordingly, the second and third path-bending reflectors 127 and 128 are 
interposed between the relay lens 126 and the field lens 129 so that the light 
from the principal components of the converging optical system placed in the 

25 space S is incident to the micro-mirror device 14. The position of the second 
path-bending reflector 127 placed above the third path-bending reflector 128 
is set as low as possible so as not to shade the emitted light from the convex 
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mirror 60* 

The reason for which the second and third path-bending reflectors 127 
and 128 are disposed between the relay lens 126 and the field lens 129 is that 
although the relative positions of other optical components determined by 
5 optical conditions such as image formation, the path length from the relay 
lens 126 to the field lens 129 can appropriately be determined by adjusting 
their focal lengths. 

As described above, the principal part of the converging optical 
system is disposed in the space S with the optical axis 130 held in parallel to 
£ 10 the bottom 118 and the screen 18 of the image display device 116, and second 
yi and third path-bending reflectors 127 and 128 transmit the light traveling 

q from the relay lens 126 toward the field lens 129. With such an arrangement, 

2 it is possible to converge light from the principal part of the converging 

J-l optical system in the space S onto the micro-mirror device 14 that is a 

Jv 15 reflecting type spatial light modulator. 

y The height of the under-the -screen portion 117 can also be suppressed 

r " by such a scheme as described just below. That is, when the optical axis 130 

is set in parallel to the bottom 118, it is also likely that the height of the under- 
the-screen portion 117 (the position of the bottom 118 in theip-axis direction) 
20 is determined by such large-diameter components as the illumination light 
source system 123 and the color wheel 124. Then, the optical axis 130B of 
the principal part of the converging optical system, which is comprised of an 
illumination light source system 123B, a color wheel 124B, a rod integrator 
125B and a relay lens 126B, is tilted at an angle 6 as depicted in Fig. 68. Of 
25 course, the tilt angle 9 is within a prescribed value of the illumination light 
source system 123B. 

The optical axis 130B is tilted so that it is parallel to the screen 18 and 
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that a point of intersection of the illumination light source system 123B and 
the optical axis 130B is higher than a point of intersection of the relay lens 
126B and the optical axis 130B in the xp-axis direction (in the vertical 
direction). In this instance, care should be taken so that the tilt angle 6 is 
5 held within the prescribed value and that the illumination light source 12B 
and the color wheel 124B will not shade the rays 119 and 120. As the 
optical axis 130B is tilted, the position of the second path-bending reflector 
127B in the ip-axis direction becomes lower and the positions of the 
illumination light source system 123B and the color wheel 124B in thei|;-axis 
yg 10 direction become higher. And the height of the under-the-screen portion 117 
Ul is determined by the third path-bending reflector 128 at the lowest position. 

D Furthermore, a hole 133 for receiving the third path-bending reflector 

2 128 may also be made in an adjustment table 132 that is placed under the 

converging optical system to hold its components and makes adjustments to 
r; 15 their positions (Fig. 69). This allows further reduction of the height of the 
r: under-the-screen portion 117. 

* While in the above the second and third path-bending reflectors 127 

and 128 each have been described to be a plane mirror, this embodiment is not 
limited specifically thereto but each path-bending reflector may be formed by 
20 two or one curved mirror. By using a curved mirror as at least one of the 
second and third path-bending reflectors 127 and 128 and contriving its 
curved reflecting surface (optical surface), ray control can be effected with 
flexibility. 

Further, as is the case with the path-bending reflector 59 in 
25 Embodiments 7 and 10, at least one of the second and third path-bending 
reflectors 127 and 128 may be formed by a prism that has a plane or curved 
refracting surface (optical surface). 
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By this, it is possible to boost various optical performance features 
such as the illumination efficiency for the micro-mirror device 14, the image- 
formation condition of the emitting surface of the rod integrator 125 for the 
micro-mirror device 14, the image-formation condition of the Fourier 
5 transform plane of the relay lens 126 system for the entrance pupil of the 
refracting optical lens 58 and uniform illuminance distribution of illumination 
light of the micro-mirror device 14. 

As described above, according to this embodiment, the point R on the 
base of a square image displayed on the screen 18 and the farthest away from 

10 the center of the image, the point of reflection Q of the ray 120 on the plane 
mirror 120 toward the point R, the point of reflection P of the ray 119 on the 
convex mirror 60 toward the point Q, and the points P, Q' and R' of 
projection of the points P, Q and R onto the bottom 118 from the direction 
normal thereto are joined by segments to form the space S, in which the 

15 principal part of the converging optical system (in the Fig. 64 example, the 
illumination light source system 123 to the relay lens 126) is disposed— this 
permits suppression of the height of the under-the-screen portion 117 within 
the range of the thickness or depth dimension of the image display device 
defined by the plane mirror 22 and the screen 18. 

20 Further, since this embodiment is provided with the second path- 

bending reflector 127 which reflects light from the principal part of the 
converging optical system composed of the illumination light source system 
123 to the relay lens 126 and the third path-bending reflector 128 which 
launches the reflected light from he second path-bending reflector 127 to the 

25 micro-mirror device 14 through the field lens 129, light can be converged, by 
the principal part of the converging optical system placed in the space S, to 
the micro-mirror device 14 that is a reflection type spatial light modulator. 
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Further, since the optical axis 130 of the principal part of the 
converging optical system is set in parallel to the screen 18 and the bottom 
118, it is possible to adapt the image display device 116 for various usage 
patterns by suppressing the height of the under-the-screen portion 117 without 
5 reducing the useful life of the illumination light source system 123. 

Further, since the optical axis 130 of the principal part of the 
converging optical system is set in parallel to the screen 18 and the bottom 
118 and is tilted within a prescribed value of the tilt angle of the illumination 
light source system 123B so that the position of its light emitting member 11B 
10 in the i])-axis direction is higher than the position of the relay lens 126B in the 
\p-axis direction, it is possible to adapt the image display device 116 for 
various usage patterns by suppressing the height of the under-the-screen 
portion 117 without reducing the useful life of the illumination light source 
system 123. 

15 Besides, since this embodiment is provided with the adjustment table 

132 for supporting the converging optical system and for receiving the third 
path-bending reflector 128 in the hole 133, the height of the under-the-screen 
117 can be further reduced. 

Further, since at least one of the second and third path-bending 
20 reflectors 127 and 128 is formed by a curved mirror, various modifications of 
its curved surface configuration furnishes freedom of ray control, making it 
possible to improve various optical performance features. 

Incidentally, since the image display device 116 in Fig. 63(a) is 
divided into equal halves, each device has two symmetric spaces S. It is 
25 recommended in this case to place the converging optical system in the one 
space S and other components such as the power supply in the other space S. 

Moreover, in the case of using a liquid crystal or similar transmission 
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type spatial light modulator in the image display device, it is recommended to 
employ a system configuration in which the converging optical components 
from the illumination light source system 123 to the field lens 129 of the 
common optical axis 130 is disposed in the space S and the optical axis 130 is 
5 held substantially in parallel to the^-t, plane as in the cases of Figs. 64 and 68 
for direct incidence of light to the transmission type spatial light modulator 
without using the second and third path-bending reflectors 127 and 128. 

Further, by providing a known TIR prism (total internal reflection 
prism) that transmits light from the third path-bending reflector 128 to the 
10 micro-mirror device 14 and light from the latter to the refracting optical lens 
58 7 this embodiment can be applied as well to a telecentric projecting optical 
system in which the entrance pupil of the refracting optical lens 58 is 
apparently at the point at infinity. 



15 EMBODIMENT 18 

While Embodiment 4 has been described to employ a refracting 
optical lens that is an injection molding of a plastic synthetic resin, the convex 
mirror (projecting optical means, reflecting part) used in each embodiment 
may also be formed of the plastic synthetic resin. As is the case with the 

20 refracting optical lens, the use of the plastic resin allows ease in forming an 
aspeherical or similar surface configuration of the convex mirror and enables 
its low -cost, mass production. 

An important point in making the convex mirror cf synthetic resin is 
measures against a temperature change in environments where the image 

25 display device is actually used. A modification of the aspherical surface 
configuration of the convex mirror or displacement of the optical axis by 
thermal expansion/shrinkage due to a temperature change will degrade the 



103 

optical performance of the image display device. A description will be 
given below of a convex mirror having taken protective measures against 
temperature changes. 

Fig. 70 schematically illustrates a convex mirror for use in the image 
5 display device according to an eighteenth embodiment (Embodiment 18) of 
the present invention. Figs. 70(a) and (b) are a front and a side view of the 
convex mirror. 

Reference numeral 134 denotes generally a convex mirror (projecting 
optical means, reflecting part) made of synthetic resin, which convex mirror is 

10 the same as in the embodiments described above. Reference numeral 135 
denotes the optical axis of the convex mirror 134. The convex mirror 134 
has such a shape that the nonreflecting portion, which does not project light 
(optical image signal) onto the screen, is cut off from an aspherical convex 
mirror 1340 that is rotationally symmetric with respect to the optical axis 135 

15 (Fig. 70(a), see Embodiment 10). The thickness of the convex mirror 134 
from the front surface 134F to the rear surface 134R is uniform (Fig. 70(b), 
see Embodiment 15). 

At the time of cutting off the nonreflecting part, first, second and third 
screwing parts 136, 137 and 138 having screw holes 136H, 137H and 138H, 

20 respectively, are provided in the convex mirror 134. The convex mirror 134 
is secured to the image display device by screwing at the first to third 
screwing parts 136 to 138 as described below. To minimize distortion of the 
reflecting surface of the convex mirror 134, the screwing parts 136 to 138 and 
the screw holes 136H to 138H may preferably be formed simultaneously with 

25 the formation of the convex mirror 134. 

Fig. 70(a) is a front elevation of the convex mirror 134 appearirg 
square as viewed from the direction of the optical axis 135. The first 
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screwing part 136 is disposed close to the optical axis 135. That is, the first 
screwing portion 136 is positioned on the base of the convex mirror 134 at a 
location nearest the apex 135P (indicated by a cross in Fig. 70(a)) of the 
convex mirror, defined by the front surface 134F and the optical axis 135, so 
5 that the eccentric distance from the optical axis 135 to the center of the screw 
hole 136H is minimized. The range of the eccentric distance will be 
described later. 

The first screwing part 136 is pivotally mounted at a position in a 
plane of the convex mirror 134 perpendicular to the optical axis 135 by a 

10 taper screw 139, a washer 139W and a nut 139N on the mounting surface of a 
convex mirror mounting mechanism (first reflecting part mounting 
mechanism) 140 fixed to the convex mirror 134. The pivotal mounting of 
the first screwing part 136 prevents complete freedom of movement of the 
convex mirror 134 except turning about the direction of insertion of the taper 

15 screw 139 into the screw hole 136H. 

For such pivotal mounting of the first screwing part 136, a through 
hole of the mounting mechanism 140 and the screw hole 136H of the first 
screwing part 136 are so tapered as to snugly receive the taper screw 139. 
The taper screw 139 is inserted through the mounting mechanism 140 and the 

20 screw hole 136H and then tightened down by means of the washer 139W and 
the nut 139N. The tapering of the through hole of the convex mirror 
mounting mechanism 140 and the screw hole 136H of the first screwing part 
136 ensures pivotal mounting of the convex mirror 134 on the image display 
device. After screwing, the tapered portion of the taper screw 139 remains 

25 in the convex mirror mounting mechanism 140 and the screw end portion 
projected out therefrom is fixed by the washer 139W and the nut 139N. 

The second and third screwing parts 137 and 138 are provided on the 
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left- and right-hand sides of the convex mirror 134 in its front elevation in Fig. 
70(a) so that an isosceles triangle defined by segments joining the centers of 
the second and third screwing parts 137 and 138 and the convex-mirror apex 
135P is maximized. 

5 The second and third screwing parts 137 and 138 are each slidably 

mounted by a straight screw 141 on the mounting surface of a convex mirror 
mounting mechanism (second or third reflecting part mounting mechanism) 
142 of the image display device. The slidable mounting of the second and 
third screwing parts 137 and 138 allows them to slide on the mounting surface 

jO 10 of the convex mirror mounting mechanism 142 upon occurrence of thermal 

U1 expansion/shrinkage of the convex mirror 134. 

O For the slidable mounting, the diameters of the screw holes 137H and 

H= 138H of the second and third screwing parts 137 and 138 all have a diameter 

o than that of the straight screw 141. The mounting surface of the convex 

15 mirror mounting mechanism 142 is large in area and inclined in the direction 
S of sliding of the second and third screwing parts 137 and 138. The mounting 

surface being held in contact with the second and third screwing parts 137 and 
138. The straight screw 141 is inserted through the convex mirror mounting 
mechanism 142 and the screw hole 137H (138H) and then tightened, for 
20 example, by a washer 141W and a nut 141N loosely to such an extent as to 
allow sliding of the screwing part 137 (138) on the mounting surface of the 
convex mounting mechanism 142 upon occurrence of thermal 
expansion/shrinkage of the convex mirror 134. To ensure smooth sliding 
movement of the screwing part, a lubrication layer containing a lubricant is 
25 interposed, as required, between the mounting surface of the convex mirror 
mounting mechanism 142 and thescrewing part 137 (138). 

As described above, this embodiment features that the convex mirror 
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134 is secured to the image display device at three points by the first to third 
screwing parts 136 to 138 to thereby protect the convex mirror 134 from a 
temperature change. Next, a description will be given of how the convex 
mirror 134 reacts to a temperature change. 
5 Fig, 71 depicts how the convex mirror 134 at room temperature 

thermally expands with a temperature rise. The components corresponding 
to those in Fig. 70 are indicated by similar reference numerals. In Fig. 71 
the convex mirror 134 at room temperature and a thermally expanded convex 
mirror 134' are depicted one on the other. The unprimed reference numerals 
10 indicate components of the convex mirror 134 at room temperature, and the 
primed reference numerals indicate components of the thermally expanded 

convex mirror 134'. 

In Fig. 71(a), the first screwing part 136 is pivotally secured at the 
position in the plane of the convex mirror 134 perpendicular to the optical 

15 axis 135, and hence it serves as a steady point against stress deformation, 
applying stress of deformation by thermal expansion to other parts of the 
convex mirror 134. In this case, displacement of the optical axis 135 can be 
minimized since the first screwing part 136 is provided in proximity to the 
optical axis 135 with a predetermined eccentric distance therebetween. 

20 The stresses resulting from thermal expansion by a temperature 

change are converted to displacement of the slidably mounted second and 
third screwing parts 137 and 138. Figs. 71(b) depicts on an enlarged basis 
the third screwing part at room temperature (indicated by the broken lines) 
and the third screwing part 138' thermally expanded to a maximum (indicated 

25 by the solid lines). 

As referred to previously, since the diameter of the screw hole 138H 
(137H) of the third screwing part 138 is larger than the diameter of the 
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straight screw 141, the third screwing part 138 slides along the mounting 
surface of the convex mirror mounting mechanism 142. Accordingly, as 
temperature changes or rises, the convex mirror 134 thermally expands but its 
front surface 134F does not change its surface configuration-this prevents 
5 degradation of the optical performance of the image display device by the 
temperature change. Of course, the same is true of thermal shrinkage. 

As will be understood from Fig. 71(c), the relative diameters of the 
screw hole 138H and the straight screw 141 can be determined, based on 
temperature specifications of the image display device, depending on the 
10 positional relationship between the screw hole 138H at the time of maximum 
expansion and the screw hole 138H" at the time of minimum shrinkage (the 
amount of displacement of the screw hole 138). The diameters of the screw 
hole 137H and the straight screw 142 relative to each other can similarly be 
determined. 

15 Incidentally, the eccentric distance of the first screwing part 136 from 

the convex-mirror apex 135P can determined by such a scheme as described 
below. Fig. 72 is a diagram for explaining a displacement A(9) of the 
convex-mirror apex 135P produced when the convex mirror 134 was turned 
about the first screwing part 136 of the eccentric distance EXC. The 

20 components corresponding to those in Fig. 70 are identified by similar 
reference numerals. 

Since the convex mirror 134 is pivotally secured by the first screwing 
part 136, the position of the convex-mirror apex 135P is also determined by 
the first screwing part 136. Accordingly, in the assembling of the image 

25 display device the displacement A(0) of the convex-mirror apex 135P is 
produced at the time of pivotal mounting of the first screwing part 136. 

That is, as depicted in Fig. 72(a), when the convex mirror 134 is 
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turned an angle 9 about the screw hole 136H deviating from the convex- 
mirror apex 135P by the eccentric distance EXC 5 the displacement A(9) of the 
convex-mirror apex 135P in the perpendicular direction is caused by an 
assembling error. In view of this, it is recommended to determine the 
5 eccentric distance EXC of the first screwing part 136 from the size of the 
convex mirror 134 and an adjustable range of the turning error 9 in the 
assembling step so that the displacement A(8) falls within given limits. 

In Fig- 72(a), the displacement A(8) of the optical axis 135 is given by 
A(8)=EXO[l-cos(9-Jt/180)]. Fig, 72(b) shows, based on this equation, the 

10 relationship between the turning error 8 and the displacement A(9), for 
example, when the eccentric distance EXC=20 mm. 

Assume, for example, that the adjustable range of the turning errorO is 
2 deg. And the maximum permissible value of the displacementA(9) is 0.1 
mm. Since A(9)<0.02 mm for 9=2 deg. as indicated by the curve in Fig. 

15 72(b), it will be seen that the convex mirror 134 with the eccentric distance 
EXC of the first screwing part 136 set to 20 mm has a sufficient, more than 
five-fold margin of assembling. 

It is also possible that EXC=0 mm, that is, that the center of the screw 
hole 136H coincides with the convex-mirror apex 135P. Naturally, in this 

20 case the displacement A(8) of the convex-mirror apex 135P does not occur, 
and consequently the convex mirror 134 can be held in more idealconditions. 

In Fig. 70, the first to third screwing partsl36 to 138 are shown to be 
further to the side of the rear surface 134R than the convex mirror mounting 
mechanisms 140 and 142. The reason for this is that the convex mirror 

25 mounting mechanisms 140 and 142 maintain the geometries of the front 
surface 134F formed with high precision and, at the same time, direct the 
stress applied to the convex mirror 134 by a temperature change to the rear 
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surface 134R, changing its surface configuration. Thus, the front surface 
134F is kept insusceptible to a temperature change. 

Though described above to have the configuration depicted in Fig. 70, 
the convex mirror 134 is not limited specifically thereto but may be of such 
geometries as depicted in Fig. 73. 

Figs. 73(a) to (c) are front views illustrating modified forms of the 
convex mirror 134 which similarly adopt measures against a temperature 
change. The parts corresponding to those in Fig. 70 are identified by the 
same reference numerals. 

In Fig. 73(a) the first screwing part 136 is substituted with a recess 
144 formed in the lower marginal edge of the convex mirror 134 for forced 
engagement with a cylindrical support 145. The convex mirror 134 is 
normally biased downward by a pair of springs 143 anchored at one end 
thereto on both sides of the recess 144 to press it against the cylindrical 
support 145. 

In Fig. 73(b) the first screwing part 136 is substituted with a 
protrusion 146 formed in the lower marginal edge of the convex mirror 134 
for forced engagement with a V-shaped groove of a V-grooved support 147. 
As is the case with Fig. 73(a), the convex mirror 134 is normally biased 
downward by the pair of springs 143 arranged on both sides of the V-grooved 
support 147 to press the protrusion 146 against the V-shaped groove of the 
support 147. In this instance, positioning of the convex-mirror apex 135P at 
the center of the arcuate protrusion 146 reduces the afore-mentioned eccentric 
distance to zero, holding the convex mirror 134 in more ideal conditions. 

Fig. 73(c) depicts still another modified form, in which the second and 
third screwing part 137 and 138 are disposed on the upper side of the convex 
mirror 134 opposite the first screwing part 136, in which case the same results 
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as in the case of Fig. 70 are obtainable. 

When the image display device is placed upside down (see 
Embodiment 17), the convex mirror 134 is pulled, as shown in Fig. 74, by a 
pair of springs 143 anchored at one end to spring retainers 146 A and 146B 
5 and at the other end at one point Ps. 

In this case, the point Ps is located higher than the first screwing part 
136, and the tensile forces of the springs 143 for the convex mirror 134 are 
adjusted to be in balance. This distributes the stresses, which concentrate at 
the first screwing part 136, to the springs 143, providing increased reliability 
10 for the first screwing part 136. 

As described above, according to this embodiment, the convex mirror 
is made of synthetic resin— this facilitate molding of the convex mirror, and 
enables mass-production of such convex mirrors at low cost. 

Further, according to this embodiment, the convex mirror 134 is 
15 provided with: the first screwing part 136 pivotally secured to the lower side 
of the convex mirror 134 at the position the predetermined eccentric distance 
EXC away from the convex-mirror apex 135P; the second screwing part 137 
slidably held on the left-hand side of the convex mirror 134; and the third 
screwing part 138 slidably held on the right-hand side of the convex mirror 
20 134. With such an arrangement, it is possible to prevent deformation of the 
convex mirror 134 and displacement of the convex-mirror apex 135P by 
thermal expansion/contraction due to a temperature change; accordingly, the 
optical performance of the image display device can be prevented from 
degradation. 

25 Further, according to this embodiment, since the convex mirror 

mounting mechanism 140 and the first screwing part 136 are screwed by the 
taper screw 139 and have tapered screws that conform to the taper of the taper 



Ill 

screw 139, the first screwing part 136 can be pivotally secured to the convex 
mirror 134. 

Further, according to this embodiment, the convex mirror 134 is 
provided with: the recess 144 formed in the lower marginal edge of the 
convex mirror 134 at the position the predetermined eccentric distance EXC 
away from the convex-mirror apex 135P; the cylindrical support 145 for 
engagement with the recess 144; the two springs 143 anchored at one end to 
the convex mirror 134 on both sides of the recess 144 for pulling the convex 
mirror 134 downward; and the second and third screwing parts 137 and 138 
slidably held on the convex mirror 134. With such an arrangement, too, it is 
possible to prevent deformation of the convex mirror 134 and displacement of 
the convex-mirror apex 135P by thermal expansion/contraction due to a 
temperature change; accordingly, the optical performance of the image 
display device can be prevented from degradation. 

Further, according to this embodiment, the convex mirror 134 is 
provided with: the arcuate protrusion 146 formed on the lower side of the 
convex mirror 134 in proximity to the convex-mirror apex 135P; the V- 
grooved support 147 for receiving the protrusion 145 in its V-shaped groove; 
the two springs 143 anchored at one end to the convex mirror 134 on both 
sides of the protrusion 146 for pulling the convex mirror 134 downward; and 
the second and third screwing parts 137 and 138 slidably held on the convex 
mirror 134. Such an arrangement also makes it possible to prevent 
deformation of the convex mirror 134 and displacement of the convex-mirror 
apex 135P by thermal expansion/contraction due to a temperature change; 
accordingly, the optical performance of the image display device can be 
prevented from degradation. 

Further, according to this embodiment, the two springs 143 are 
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provided which are anchored at one end to the convex mirror 134 on both 
sides of the first screwing part 136 and at the other end to a common spring 
retaining point. With such an arrangement, when the image display device is 
placed upside down, the stresses that concentrate on the first screwing part 
5 136 can be distributed to the springs 143-this provides increased reliability of 

the first screwing part 136. 

Further, according to this embodiment, since the screwing parts 136, 
137 and 138 are held in contact with the front surface 134F of the convex 
mirror 134 through the convex mirror mountingmechanisms 140 and 142, the 
10 reflecting surface of the convex mirror 134 can be disposed with high 
precision. 

While in the above the convex mirror 134 has been described to be 
rotationally symmetric with respect to the optical axis 135, this embodiment is 
also applicable to optical components made of synthetic resin which are 
15 rotationally asymmetric with respect to the optical axis 135. 

The numbers of the second and third screwing part 137 and 138 are 
not limited specifically to one but may also be two or more. 

EMBODIMENT 19 

20 Fig. 75 schematically illustrates an image display cbvice according to 

a nineteenth embodiment (Embodiment 19) of the present invention, which 
also adopts measures against a temperature change. For brevity sake, the 
illumination light source system, the convex mirror and components 

following it are not shown. 
25 Reference numeral 148 denotes a micro- mirror device (transmitting 

means, image information imparting means); 149 denotes the same refracting 
optical lens as those used in the foregoing embodiments; 150 denotes the 
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optical axis of the refracting optical lens 149; and 151 denotes an optical base 
(retaining mechanism) on which the micro-mirror device 148, the refracting 
optical lens 149 and other optical components are mounted. The optical 
base 151 corresponds to the retaining mechanism 74 depicted in Fig. 43 (see 
5 Embodiment 10), and holds, as one piece, path-bending reflectors and a 
convex mirror (not shown), including the micro-mirror device 148 in this 
case. 

Reference numerals 152 and 153 denote two supports fixed to the 
optical base 151, by which the refracting optical lens 149 is slidably 

10 supported. The refracting optical lens 149 is adapted to be slidable on he 
supports 152 and 153 in the direction of the optical axis 150. 

Reference numeral 154 denotes a mounting plate fixed to the optical 
base 151; 155 denotes a mounting plate fixed to the underside of the 
refracting optical lens 149; and 156 denotes a piezoelectric element that 

15 changes its length in the direction of the optical axis 150 according to a DC 
control voltage from a power supply (not shown). The piezoelectric element 
156 is held between the mounting plates 154 and 155 that are disposed 
between the sliding supports 152 and 153. 

The light (optical image signal) emitted from the micro-mirror device 

20 148 travels through the refracting optical lens 149 to the convex mirror, the 
plane mirror and the screen (though not shown) as described previously with 
reference to the foregoing embodiments. In this instance, even if the focus 
of the image displayed on the screen is initially adjusted, for example, at room 
temperature, the image may sometimes become out of focus due to an 

25 ambient temperature change. 

This defocusing is caused by different spacing of respective lens 
groups and respective lenses in the refracting optical lens 149 and different 
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temperature distributions and coefficients of linear expansion of the optical 
base 151 and respective optical components mounted on the optical base 151; 
that is, the defocusing phenomenon is attributable to displacement of the 
relative positions of the optical components owing to different degrees of 
5 their thermal expansion or contraction in the direction of the optical axis 150. 
A particularly important issue with this phenomenon is a change in the 
distance L0 from the micro-mirror device 148 to the refracting optical lens 
149 in the direction of the optical axis 150. It is well-known from the results 
of numerical analysis that the change in the length L0 significantly affects the 
10 defocusing phenomenon. This involves two factors, one is that the distance 
L0 for the optimum focus changes to LOA due to temperature variations of 
lenses, and the other is that the distance L0 itself physically changes to LOB 
due to a temperature change. In this instance, when the relationship 
L0A=L0B is maintained regardless of a temperature change, no defocusing 
15 will occur. When such relationship is not maintained, defocusing will occur. 

To compensate for the change in the distance L0B-L0A, this 
embodiment employs the piezoelectric element 156 whose length can be 
adjusted by a control voltage in the direction of the optical axis 150. That is, 
initial focus adjustment is made with the piezoelectric element 156 supplied 
20 with an initial offset of the control voltage. And the control voltage to be 
applied to the piezoelectric element 156 is increased or decreased according 
to a temperature change in the use environment of the image display device. 

As the length of the piezoelectric element 156 is thus changed, the 
distance between the mounting plates 154 and 155 holding the piezoelectric 
25 element 156 between them is changed, and consequently the refracting optical 
lens 149 slides along the optical axis 150 on the sliding supports 152 and 153. 
For example, when the distance L0B-L0A becomes longer than the 



initially adjusted value due to a temperature change, the control voltage is 
decreased to reduce the length of the piezoelectric element 156. As a result, 
the refracting optical lens 149 slides on the sliding supports 152 and 153 
toward the micro-mirror device 148 along the optical axis 150; hence, the 
5 distance L0 affected by the temperature change returns to the initially 
adjusted value. 

When the distance L0B-L0A becomes shorter than the initially 
adjusted value, the control voltage is increased to increase the length of the 
piezoelectric element 156. As a result, the refracting optical lens 149 slides 

10 on the sliding supports 152 and 153 away from the micro-mirror device 148 
along the optical axis 150; hence, the distance L0 affected by the temperature 
change returns to the initially adjusted value. 

As described above, the Fig. 75 structure is adapted to compensate for 
the change in the distance L0, which significantly affects defocusing, by 

15 controlling the control voltage that is applied to the piezoelectric element. 
Hence, defocusing by the temperature change can be controlled. 

Fig. 76 illustrates another arrangement that implements the measures 
against the temperature change responsible to defocusing. The parts and 
components corresponding to those in Fig. 75 are identified by the same 

20 reference numerals. For brevity sake, the illumination light source system, 
the convex mirror and the optical components following it are not shown. 

Reference numeral 157 denotes a gear support fixedly planted on the 
optical base 151, for moving the refracting optical lens 149 in the direction of 
the optical axis 150 precisely without much play in that direction by a gear 

25 mechanism 157G containing a motor and so forth. Reference numerals 158 
and 159 denote temperature sensors for sensing the lens-barrel temperature Tl 
of the refracting optical lens 149 and the temperature T2 of the optical base 
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151, respectively. 

Reference numeral 160 denotes a heater/cooler for heating/cooling the 
optical base 151, such as a Peltier device. Reference numeral 161 denotes a 
control unit such as a CPU, which effects feedback control of the gear 
5 mechanism 157G and the heater/cooler 160 according to the temperatures Tl 
andT2. 

While the Fig. 75 example utilizes the piezoelectric element to adjust 
the distance L0B-L0A, this example uses the gear mechanism 157G to move 
the refracting optical lens 149 in the direction of the optical axis 150 to adjust 

1 10 the distance L0B-L0A. The arrangement of Fig. 76 also produces the same 

[5 effects as those obtainable with the Fig. 75 example. 

Of The Fig. 76 example features feedback control of the gear mechanism 

W 157G and the heater/cooler 160 by the control unit 161 according to the 

"'_ temperatures Tl and T2 of the refracting optical lens 149 and the optical base 

S 15 151 that are sensed in real time by the temperature sensors 158 and 159. 
e Let the coefficients of linear expansion of the lens barrel of the 

S refracting optical lens 149 and the optical base 151 be represented by pi and 

p2, respectively, the length of the refracting lens 149 from its light receiving 
surface to the position of the gear support 157 in the direction of the optical 
20 axis 150 by LI (where L0+L1=L2) and the temperatures of both of the 
refracting optical lens 149 and the optical base 151 during the initial focus 

adjustment by TO. 

In the case where temperature gradients occur in the image display 
device placed in its use environment and the length L0 changes to 
25 L0B=L0+AL0, the temperature sensors 158 and 159 sense the temperatures of 
the refracting optical lens 149 and the optical base 151. Let the thus sensed 
temperatures be represented by Tl and T2 (where T1*T2). At this time, a 
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length variation ALOB is given by AL0B=L2p2(T2-T0)-Ll-pl(Tl-T0). 
The length variation ALOB that provides optimum focusing at the lens-barrel 
temperature Tl is prestored in the control unit 161. 

The control unit 161 calculates the physical length variation ALOB, 
5 and adjusts the gear mechanism 157G to compensate for the length LO so that 
an optical focus shift amount ALOB-ALOA is reduced to zero. As a result, 
the refracting optical lens 149 is moved in the direction of the optical axis 150 
by the gear mechanism 157G in such a manner as to cancel the optical focus 
shift amount ALOB-ALOA (focus compensation amount), thereby holding the 
S 10 image in focus on the screen (not shown) independently of the temperature 
m change in the use environment. Of course, the gear mechanism 157G may 

'% also be driven by a control voltage as is the piezoelectric element 156. 

ft Upon receiving information about the tempeBtures Tl and T2 from 

L the temperature sensors 158 and 159, the control unit 161 may intentionally 

P 1 15 heat/cool the optical base 151 by the heater/cooler 160 to control the distance 
5 L2 through utilization of thermal expansion/contraction of the optical base 

£ 151 instead of controlling the distance LO through adjustment of the gear 

mechanism 157G. This also suppresses the temperature gradients that are 
responsible for defocusing, and hence keeps the image in focus on the screen 
20 (not shown) independently of temperature variations in the use environment. 

Incidentally, it is possible to use either one or both of the gear 
mechanism 157G and the heater/cooler 160 in combination with the 
temperature sensors 158-159 and the control unit 161. 

No particular limitations are imposed on the numbers and positions of 
25 temperature sensors and heater/cooler combinations. 

It is also possible to heat/cool the refracting optical lens 149 by the 
heater/cooler 160 within the range over which no particular problem arises in 
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terms of the performance of the image display device. 

The combination of the temperature sensors 158-159 and the control 
unit 161 can be used in place of the piezoelectric element 156 in Fig. 75 
example. 

5 Moreover, since the temperatures Tl and T2 sensed by the 

temperature sensors 158 and 159 do not always reflect the focus of the image, 
it is possible to provide a learning mechanism in the control unit 161 to take 
measures against temperature changes. 

That is, an operator makes initial focus amendments to the image 

10 display device at a certain environmental temperature T3, and stores in the 
control unit 161 the length [LO]^ at that time. Following this, the operator 
makes similar initial focus amendments at an environmental temperature T4 
(*T3), and stores in the control unit 161 the length [L0] X4 at this time as well. 
Then, the control unit 161 derives an interpolation relation by linear 

15 interpolation from two focus-adjustment points (TS^LO]^) and (T4,[L0] X4 ). 
And the control unit 161 senses, by a temperature sensor, an arbitrary 
environmental temperature Tx of the image display device placed in the 
actual environment, then calculates the optimum length [L0] Xx for the 
environmental temperature Tx from the interpolation relation, and 

20 compensates for the length L0 (amount of compensation for defocusing) by 
the piezoelectric element 156 or gear mechanism 157G. 

By performing the learning step three or more times n (three or more 
focus -adjustment points) and deriving the interpolation relation from the 
relationship between n values of the optimum lengths corresponding to the 

25 respective temperatures, the image can be corrected for defocusing with more 
accuracy. 

In this learning control system, since the operator visually checks 
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environmental temperatures and the focuses on a one-to-one correspondence 
basis and stores them in the control unit 161, the focus adjustment can be 
made with increased accuracy. In this instance, the temperature sensor is 
provided in the image display device so as to sense environmental 

5 temperatures. 

Further, for the same reasons as given in respect of the learning 
control system, it is possible to detect the focus of the image to be displayed 
on the screen and effect feedback control based on the focus information 
instead of using the temperatures Tl and T2 that do not always reflect 

10 defocusing. 

Fig. 77 illustrates another modification of the image display device 
according to this embodiment. The parts corresponding to those in Figs. 75 
and 76 are identified by the same reference numerals. 

Reference numeral 162 denotes the convex mirror (projecting optical 

15 means, reflecting part) used in the embodiments described above; 163 denotes 
a plane mirror (Embodiment 1); and 164 denotes a screen (display means). 
The display image on the screen 164 is an overlay indication, which is divided 
to an image display area 165 and a non-image-display area 166. For 
example, in the case of a 1024-by-768 dot display screen of XGA Standards, 

20 when 12 dots are reduced on all sides of the image, the display image area 
165 become 1000-by-744 dots and the non-image-display area 166 becomes a 
12-dot wide band as indicated by diagonal shading. 

Reference numeral 167 denotes a miniature reflector, and 168 denotes 
a charge-coupled device or CCD. The miniature reflector 167 reflects light 

25 that is projected onto the non-image-display area 166 from the plane mirror 
163. Upon receiving the light reflected by the miniature reflector 167, CCD 
168 supplies the control unit 161 with focus information obtained from the 



120 



received light. 

In this example one micro-mirror of the micro-mirror device 148 is 
controlled so that CCD 168 always receives light corresponding to a one-dot 
display image, for instance. The light receiving surface of CCD 168 and the 
image formation surface of the screen 164 are located at the same optical 
distance from the projecting optical system composed of the refracting optical 
lens 149 and the convex mirror 162. 

The light from the micro-mirror device 148 mostly travels via the 
route [refracting optical lens 149 - convex mirror 162 - plane mirror 163] to 
the screen 164 in this order, displaying an image in the image display area 165. 
The light of the one-dot display image, which is incident on the non-image- 
display area 166 of the screen 164 via the same route as mentioned above, is 
reflected by the miniature reflector 167 for incidence to CCD 168. 

CCD 168 makes reference to all pixels therein, then obtains, from the 
light of the one-dot display image, focus information about the image to be 
displayed in the image display area 165, and provides it as first focus 
information to the control unit 161. The control unit 161 analyzes the first 
focus information, and effects feedback control of the refracting optical lens 
149 of the Fig. 75 or 76 structure, thereby adjusting the focus of the image. 

In general, upon making the focus adjustment, the position on the 
screen where the image is just in focus may somewhat shift due to optical 
nonuniformity. To avoid this, by making reference to every pixel in CCD 
168 upon each focus adjustment, it is possible to correct for the displacement 

of the focus position on CCD 168 

The light from the feedback-controlled refracting optical lens 149 is 
mostly focused into an image in the image display area 165. The light of the 
one-dot display image toward the non-image-display area 166 is detected by 
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the miniature reflector 167 and CCD 168 as second focus information, which 
is used for feedback control of the refracting optical lens 149 by the control 
unit 161. The third and subsequent rounds of operation are also similarly 
performed. 

5 Since the focus information is detected by CCD 168 from the light of 

the one-dot display image for incidence to the non-image-display area 166, 
focus adjustments that directly reflect defocusing can be made without using 
secondary information such as temperature. 

When a focus adjustment is made in the projecting optical system, 

10 there are cases where the projecting optical system is somewhat displaced or 
its distortion characteristic slightly varies, leading to a slight displacement of 
the position of the one-dot display image on CCD 168. Also when the 
image display device is moved in its entirety, a change in the external stress 
applied to the image display device may sometimes cause slight mechanical 

15 deformation of the projecting optical system, resulting in the position of the 
one-dot display image being shifted a little. 

In any case, CCD 168 is made large in size for the range of 
displacement of an image (sufficiently large for displacement of the image 
and measuring area) so that the one-dot display image, even if displaced, will 

20 not get out of CCD 168. With such an arrangement, the detection of the 
position of the one-dot display image and the related information for each 
measurement will permit accurate focus adjustment without affecting the 
measured result even if the image is displaced. 

Methods for analyzing the focus information by the control unit 161 

25 will be described below in a little more detail. 

Figs. 78(a) to (c) show three methods for analyzing the focus 
information. The abscissa represents the coordinates of the light receiving 
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surface of CCD 168, which are two-dimensional in practice, and the ordinate 
represents light intensity. 

Reference character Cm and Cm+1 indicate m-th and (m+l)-th (where 
m=l, 2, ...) pieces of focus information, representing light intensity 
5 distribution characteristics. Concretely, Cm and Cm+1 are electric signals 
obtainable from each unit light receiving element of CCD 168 of a two- 
dimensional array-like structure, and the electric signals each have a profile 
proportional to the illuminance distribution of the one-dot display image that 

is incident on CCD 168. 

10 In Fig. 78(a), Peakm and Peakm+1 indicate intensity peak values of 

the pieces of focus information Cm and Cm+1, respectively. In Fig. 78(b), 
FWHMm and FWHMm+1 indicate full width half maximum values of the 
pieces of focus information Cm and Cm+1, respectively. 

In Fig. 78(c), GRADm and GRADm+1 indicate the shoulder gradients 

15 that are converted from peak values in the pieces of focus information Cm 
and Cm+1, respectively; for example, they indicate the gradients of straight 
lines joining particular points on the pieces of focus information Cm and 
Cm+1 where 10% and 90% of the peak intensity can be obtained. What is 
intended to means by the shoulder gradient is the gradient of a straight line 

20 joining two points where a and p% (0%<a, 0<1OO%, a*p) can be obtained. 

In the analysis method of Fig. 78(a), the control unit 161 exercises 
feedback control of the refracting optical lens 149 so that the peak value 
Peakm+1 available from the (m+l)-th focus information becomes larger than 
the peak value Peak of the m-th focus information. 

25 In the case of Fig. 78(b), the control unit 161 effects feedback control 

of the refracting optical lens 149 so that the full width half maximum value 
FWHMm+1 available from the (m+l)-th focus information becomes smaller 



than the full width half maximum value FWHMm from the m-th focus 
information. In the case of Fig. 73(c) the control unit 161 effects feedback 
control of the refracting optical lens 149 so that the shoulder gradient 
GRADm+1 available from the (m+l)4h focus information becomes larger 
5 than the shoulder gradient GRADm from the m-th focus information. 

Of course, the width that provides a predetermined level in the focus 
information (width of a predetermined level) may be minimized to other 
widths than the full width half maximum, such as a 1/e" width or a 1/10 
intensity width. 

10 In any case, the focus of the image that is displayed in the image 

display area 165 can be adjusted through utilization of the focus information 

available in CCD 168. 

In Fig. 77(a) the miniature reflector 167 and CCD 168 are placed in 
the non-image-display area 166, but when the cabinet (indicated by the two- 
15 dot chain line) of the image display device is placed in the closest proximity 
to the edge of the image display area 165 as depicted in Fig. 77(b), the 
miniature reflector 167 is particularly effective. That is, in such a limited 
situation by the cabinet it is possible to place the miniature reflector 167 and 
CCD 168 in the cabinet without shading the light to be projected onto the 
20 image display area 165 and detect the focus information. 

The positions of the miniature reflector 167 and CCD 168 need to 
fulfill such conditions as mentioned below. 

1. Place the miniature reflector 167 at a location some distance from 

the screen 164. 

25 2. Make the distance between the miniature reflector 167 and CCD 

168 equal to the optical path from the miniature reflector 167 to the screen 
164. 
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It is also possible, of course, to detect the illuminance distribution of 
light corresponding to one dot directly by only CCD 168 placed at an 
arbitrary location in the non-image-display area 166 as depicted in Fig. 79. 

A display pattern for focus adjustment use may be a linear or cross- 
5 shaped display image other than the one-dot display image. 

Now a description will be given of a numerical value example related 
to the measures against temperature variations. 

While in the above the whole structure of the refracting optical lens 
149 is moved for focus adjustment, this embodiment is not limited 
10 specifically thereto. Since the refracting lens 149 is made up of a plurality 
of lenses as referred to above, the focus adjustment could similarly be 
performed by shifting some of the lenses forming the refracting optical lens 
149 or the convex mirror 162 by such a method as described previously with 
reference to Figs. 75 to 78. In the case of shifting the convex mirror 162, the 
15 gear support 157 equipped with the gear mechanism 157G is used to hold the 
convex mirror and the gear mechanism 157G is driven. 

For example, the configuration of the image display device (Fig. 53) 
referred to in connection with Numerical Value Example 14A is depicted 
again in Fig. 80. The results of numerical calculations have revealed that 
20 when the lenses 149A, 149B and 149C, which are closer to the convex mirror 
(not shown) than any other lenses forming the refracting optical lens 149, are 
moved in the direction of the optical axis 150, a change in the distance L0 
from the micro-mirror device 148 to the refracting optical lens 149 can be 
compensated for with the degradation of the image formation performance 

25 kept to a minimum. 

Finally, a description will be given below of the measures against 
temperature variations that cause displacements of the respective components 
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in the direction perpendicular thereto. 

As depicted in Fig. 81, the displacements of the respective 
components on the optical base (retaining mechanism) 151 in the 
perpendicular direction (in the direction of the normal to the optical base 151), 

5 which are caused by temperature variations, could be settled by making such 
a design that the sliding supports 152 and 153 of the refracting optical lens 
149 and the support 169 for fixedly supporting the convex mirror 162 to the 
optical base 151 are equal in the product of the height and the coefficient of 
linear expansion in the perpendicular direction. 

10 As a result, all the components are equally displaced vertically by a 

temperature change-this prevents misalignment of the optical axis 150 in the 
vertical direction. Although in Fig. 81 the support of the micro-mirror 
device 148 is not shown, the product of its height and coefficient of linear 
expansion in the vertical direction is made equal to those of the other 

15 supports. 

As described above, this embodiment is provided with: the two sliding 
supports 152 and 153 planted on the optical base 151, for slidably supporting 
all or some of the lenses of the refracting optical lens 149; the mounting plates 
154 and 155 fixed to the top of the optical base 151 and the underside of all or 

20 some of the lenses of the refracting optical lens 149 and disposed between the 
sliding supports 152 and 153; and the piezoelectric element 156 which is held 
between the mounting plates 154 and 155 and changes its length in the 
direction of the optical axis 150 with the control voltage. Hence, defocusing 
by a temperature change can be avoided. 

25 Further, since the gear support 157 is provided which is mounted on 

the optical base 151 and driven by the gear mechanism 157G to move all or 
some of the lenses of the refracting optical lens 149 in the direction of the 
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optical axis 150, defocusing by a temperature change can be avoided. 

Further, since the heater/cooler 160 is provided for at least one of the 
optical base 151 and the refracting optical lens 149, it is possible to suppress 
the occurrence of temperature gradients in the use environment, preventing 
5 defocusing. 

Further, this embodiment is provided with: the temperature sensor 158 
for sensing the lens-barrel temperature Tl of the refracting optical lens 149; 
the temperature sensor 159 for sensing the internal temperature T2 of the 
optical base 151; and the control unit 161 for calculating the optimum value 

ri 10 of the length L0 or the temperature difference AT from the lens-barrel 

temperature Tl and the internal temperature T2 and for effecting feedback 
control of at least one of the piezoelectric element 156, the gear mechanism 

y 157G and the heater/cooler 160. Hence, it is possible to make adjustment to 

^ prevent defocusing. 

O 15 Further, this embodiment is provided with: the temperature sensor for 

M= sensing temperature in the use environment; and the control unit 161 for 

o calculating a length L0 suitable for the temperature in the use environment by 

a linear interpolation equation having a length [L0] X3 of an environmental 
temperature T3 at the time of initial focus adjustment and a length [L0] T4 of 
20 an environmental temperature T4 at the time of initial focus adjustment and 
for effecting feedback control of the piezoelectric element 156 or gear 
mechanism 157G. Hence, it is possible to establish a one-to-one 
correspondence between environmental temperatures and focus values for 
accurate focus adjustment. 
25 Further, since this embodiment is provided with CCD 168 for 

detecting focus information from the light that is incident on the non-image- 
display area 166 of the screen 164, and the control unit 161 that analyzes the 
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focus information available from CCD 168 and effects feedback control of the 
piezoelectric element 156 or gear mechanism 157, it is possible to make focus 
amendments based directly on defocusing without using temperature or 
similar secondary information. 

Further, since this embodiment uses the miniature reflector 167 by 
which the light for incidence on the non-image-display area 166 is reflected to 
CCD 168, it is possible to detect the focus information even if the cabinet of 
the image display device is placed in closest proximity to the image display 
area 165. 

Further, according to this embodiment, the control unit 161 uses, as 
focus information, the intensity distribution characteristic profile of the light 
incident on CCD 168, and effects feedback control in a manner to maximize 
the peak value Peakm of the focus information; hence, defocusing can be 
reflected directly in the focus adjustment. 

Further, according to this embodiment, the control unit 161 uses, as 
focus information, the intensity distribution characteristic profile of the light 
incident on CCD 168, and effects feedback control in a manner to minimize 
the full width half maximum FWHMm of the focus information; hence, 
defocusing can be reflected directly in the focus adjustment. 

Further, according to this embodiment, the control unit 161 uses, as 
focus information, the intensity distribution characteristic profile of the light 
incident on CCD 168, and effects feedback control in a manner to maximize 
the shoulder gradient GRADm of the focus information; hence, defocusing 
can be reflected directly in the focus adjustment. 

Further, since the sliding supports 152 and 153 for the refracting 
optical lens 149 and the fixing support 169 for the convex mirror 162 are 
designed to be equal in the product of the heights and coefficients of linear 
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expansion in the vertical direction, it is possible to prevent misalignment of 
the optical axis 150 in the vertical direction. 

While in the above the micro-mirror device has been described as the 
spatial light modulator, the same results as those described above could be 
5 obtained with other spatial light modulator such as a transmission or 
reflection type liquid crystal. 

EMBODIMENT 20 

Fig. 82 schematically illustrates the configuration of a convex mirror 
10 for use in the image display device according to a twentieth embodiment 
(Embodiment 20) of the present invention. Reference numeral 170 denotes 
the convex mirror (projecting optical means, reflecting part) used in each 
embodiment. This convex mirror 170 is formed by cutting off a 
nonreflecting portion from a convex mirror 170O that is rotationally 
15 symmetric about an optical axis 171, and it has a reflecting protrusion 172 in 
its front surface in the neighborhood of the optical axis 171 (non-projection 
front surface). 

The reflecting protrusion 172 is obtained by protruding the high- and 
low-reflectivity areas 104H and 104L of the convex mirror 104 in 

20 Embodiment 15 or by rendering the both areas into one high-reflectivity area. 
The reflecting protrusion 172 protrudes from the front surface of the convex 
mirror 170 and is used to adjust the alignment of the image display device as 
described below. A reflecting recess 173 may be made in the convex mirror 
170 as depicted in Fig. 82(b) in place of the reflecting protrusion 172. 

25 Naturally, the reflecting recess 173 is formed by recessing the high- and low- 
reflectivity areas 104H and 104L of the convex mirror 104 in Embodiment 15 
or by rendering the both areas into one high-reflectivity area. The reflecting 
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surface of each of the reflecting protrusion 172 and the reflecting recess 173 
is a planar surface and its normal is parallel to the optical axis 171. 

Fig. 83 is a flowchart showing the procedure for adjusting the 
alignment according to this embodiment* Figs. 84 to 88 are diagrams 
5 showing a sequence of steps involved in adjusting the alignment. The parts 
corresponding to those in Fig. 82 are identified by the same reference 
numerals. 

<ST1: Adjustment for Alignment of Convex Mirror with Jig Screen> 

In Fig. 84(a), a laser light source 174 and a jig screen (jig display 

10 means) 176 are arranged so that parallel rays from the former are parallel to 
the normal to the latter. The laser light source 174 emits a bundle of parallel 
rays that is larger in cross section than the reflecting protrusion 172, and the 
bundle of parallel rays is incident on the jig screen 176 at right angles thereto 
through a beam splitter 175. 

15 The jig screen 176 has a through hole (first through hole) 176H drilled 

therethrough around the optical axis (Fig. 84(b)). A portion of the bundle of 
parallel rays having passed through the beam splitter 175 passes through the 
through hole 176H and reaches the reflecting protrusion 172 of the convex 
mirror 170 mounted on an optical base 177 (retaining mechanism, see Fig. 43 

20 and Embodiment 10). 

The convex mirror 170 reflects the incident bundle of parallel rays by 
the reflecting protrusion 172 back in the direction opposite to the emitted 
bundle of parallel rays, and the thus reflect ed-back light passes through the 
through hole 176H. After passing through the through hole 176H the 

25 reflected-back bundle of parallel rays strikes on the beam splitter 175, and 
travels therein in a direction perpendicular to the bundle of parallel rays 
emitted from the laser light source 174, thereafter being converged by a 
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condenser lens 178 to the center of a four-segment split detector 179 (detector 
in Fig. 58(c)). 

By adjusting the attitude of the convex mirror 170 so that four light 
receiving elements of the four-segment split detector 179 detect light of equal 
5 power, the outgoing and incoming paths of bundles of parallel rays between 
the through hole 174H and the reflecting protrusion 172 are brought into 
alignment with the optical axis 171 (virtual optical axis), by which the convex 
mirror 170 put into alignment with the jig screen 176. 

<ST2: Adjustment for Alignment of Path-Bending Reflector with Convex 
10 Mirror> 

After aligning the convex mirror 170 with the jig screen 176 as 
depicted in Fig. 84(a), the laser light source 174, the beam splitter 175 and the 
condenser lens 178 with their relative positions held unchanged are moved to 
bring the center of the bundle of parallel rays from the laser light source 174 

15 and the beam splitter 175 into coincidence with an ideal optical axis of the 
refracting optical lens. This is followed by adjusting the alignment of the 
path-bending reflector (see Fig. 23 and others and Embodiments 7 and 19) 
with the convex mirror 170. 

In Fig. 85, a bundle of parallel rays larger in cross section than the 

20 reflecting protrusion 172 is emitted from the laser light source 174 through 
the beam splitter 175, and is reflected by a path-bending reflector 181 at a 
predetermined position to the reflecting protrusion 172. Since the reflecting 
protrusion 172 forms a reflecting surface smaller in cross section than the 
bundle of parallel rays incident thereon, only part of the incident bundle of 

25 parallel rays is reflected by the reflecting protrusion 172 back to the path- 
bending reflector 181. 

The bundle of parallel rays reflected back by the reflecting protrusion 
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172 is reflected by the path-bending reflector 181 to the beam splitter 175, 
and converged by the condenser lens 178 to the four-segment split detector 
179. As is the case with Fig. 84(a), when the adjustment of alignment of the 
path-bending reflector 181 with the convex mirror 170 (adjustment of an 
5 angle of swing (and tilt) by two axes) is ideal, the lightreceiving elements of 
the four-segment split detector 179 detects light of equal power. 

At this time, the outgoing and incoming paths of the bundle of parallel 
rays via the path-bending reflector 181 coincide with each other, and a virtual 
optical axis of the ideal optical axis 180 of the refracting optical lens is 
10 produced by the bundle of rays from the laser light source 174. 

<ST3; Adjustment for Alignment of Lens-Holding Flange by Holed 
Reflector> 

A lens-holding flange 182, which ultimately holds the refracting 
optical lens and a holed reflector 183 mounted on the lens-holding flange 182 

15 in place of the refracting optical lens are provided on the ideal optical axis 
180 created in the Fig. 85 step (Fig. 86(a)). The holed reflector 183 has a 
centrally disposed through hole (second through hole) 183H (Fig. 86(b)), 
through which the bundle of parallel rays from the laser light source 174 and 
the beam splitter 175 passes. The surrounding area of the through hole 183H 

20 forms a reflecting surface. 

In Fig. 86(a), the bundle of parallel rays having passed through the 
through hole 183H is reflected by the path-bending reflector 181 to the 
reflecting protrusion 172. The bundle of parallel rays reflected by the 
reflecting protrusion 172 is reflected again by the path-bending reflector 181, 

25 then passes through the through hole 183H of the holed reflector 183, and 
travels to the beam splitter 175, thereafter being detected by the four-segment 
split detector 179 after being converged thereto by the condenser lens 178. 
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The bundle of rays reflected by the reflecting surface around the 
through hole 183H of the holed reflector 183 is also incident on the four- 
segment split detector 179 while being superimposed on the above-said 
bundle of parallel rays* When the adjustment for alignment of the lens- 
5 holding flange 182 and the holed reflector 183 with the convex mirror 170 
(adjustment of two-axis swing of the lens-holding flange 182) is ideal, the 
light receiving elements of the four-segment split detector 179 detect light of 
equal power. 

<ST4: Mounting of Refracting Optical Lens on Lens-Holding Flange> 
10 The holed reflector 183 is removed from the lens-holding flange 182 

ideally aligned with the convex mirror 170, and a refracting optical lens 
(projecting optical means, refracting optical part) 184 is mounted on the lens- 
holding flange 182 instead. The laser light source 174, the beam splitter 175, 
the condenser lens 178 and the four-segment split detector 179 are also 
15 removed (Fig. 87). 

<ST5: Projection of Image of Micro-Mirror Device onto Jig Screen> 

In Fig. 88 a micro-mirror device (transmitting means, image 
information imparting part) 185 is disposed at a predetermined position, and 
the micro-mirror device 185 is illuminated by an illumination light source 
20 system (transmitting means, illumination light source part). The light from 
the illumination light source system 186, which has obtained image 
information in the micro-mirror device 185, is projected onto the jig screen 
176 via the refracting optical lens 184, the path-bending reflector 181 and the 
convex mirror 170. 

25 By making adjustment to the alignment between the illumination light 

source system 186 and the micro-mirror device 185 (adjustments including 
(1) two in-plane axes, (2) one axis about normal to plane, (3) two swing axes 
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and (4) one axis moving in direction of normal to plane; (1) and (2) 
importance for determining the display position, and (3) and (4) importance 
for securing the image formation performance) so that the projected light 
forms an image at a normal position on the jig screen 176, a series of 
5 adjustments for alignment is completed. 

As described above, according to this embodiment, since the reflecting 
protrusion 172 or reflecting recess 173 is provided in the front surface of the 
convex mirror 170 in the vicinity of the optical axis 105, alignment of the 
optical components can easily be adjusted in the assembling of the image 

10 display device. 

Further, the alignment adjusting method according to this embodiment 
comprises: step ST1 wherein a bundle of parallel rays having passed through 
the through hole 176H of the jig screen 176 is reflected by the reflecting 
protrusion 172 (or reflecting recess 173), thereby bringing the outgoing and 

15 incoming paths of light into alignment with each other between the reflecting 
protrusion 172 (reflecting recess 173) and the through hole 176H; step ST2 
wherein a bundle of parallel rays, that is coincides with the ideal optical axis 

180 of the refracting optical lens, is reflected by the path-bending reflector 

181 and then by the reflecting protrusion 172 (or reflecting recess 173), 
20 thereby bringing the outgoing and incoming paths of light into alignment with 

each other between the reflecting protrusion 172 (or reflecting recess 173); 
step ST3 wherein a bundle of parallel rays for incidence on the path-bending 
reflector 181 is passed through the through hole 183H of the holed reflector 
183 mounted on the lens-holding flange 182, and a bundle ofrays reflected by 
25 surrounding area of the through hole 183H of the holed reflector 183 and the 
bundle of rays reflected to and back between the path-bending reflector 181 
and the reflecting protrusion 172 (or reflecting recess 173) are caused to travel 
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in the same direction; step ST4 wherein the holed reflector 183 is removed 
from the lens-holding flange 182 and the refracting optical lens 184 is 
mounted thereon instead; and step ST5 wherein the light from the 
illumination light source 186 and the micro-mirror device 185 is formed into 
5 an image at the normal position on the jig screen 176 via the refracting optical 
lens 184, the path-bending reflector 181 and the convex mirror 170. Hence, 
alignment of the optical components can easily be adjusted systematically in 
the assembling of the image display device. 

While in steps ST1 to ST5 the multi-component alignment has been 

10 described to adjust by making the split outputs from the four-segment split 
detector 179 equal, it is also possible to employ a visual observation device in 
which a ground-glass jig bearing a cross as a target of alignment is placed at 
the position of the four-segment split detector 179 for visually observing a 
bundle of rays converged on the ground-glass jig through the use of an 

15 eyepiece or the like. 

Since the above method is to adjust an angle deviation of the reflecting 
surface, a device capable of measuring the tile of a plane by using the same 
jig, such as an autocollimator, can also be used. 

Of course, the method described above in Embodiment 20 is also 

20 possible with the convex mirror 104 in Embodiment 15, and the method in 
Embodiment 15 is also possible with the convex mirror 170 in Embodiment 
20. 

EMBODIMENT 21 

25 Fig. 89 illustrates the configuration of an image display device 

according to a twenty-first embodiment (Embodiment 21) of the present 
invention. For brevity sake, the illumination light source system, the plane 
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mirror and the screen are not shown. 

Reference numeral 187 denotes a micro-mirror device; 188 denotes 
the same refracting optical lens (projecting optical means, refracting optical 
part) as used in each embodiment described above; 189 denotes the same 
5 convex mirror (projecting optical means, reflecting part) as used in each 
embodiment described above; 190 denotes an optical axis common to the 
refracting optical lens 188 and the convex mirror 189; and 191 denotes a lens 
layer of glass or synthetic resin joined to the front surface 189F of the convex 
mirror 189. 

10 In Fig. 89, light (optical image signal) from the micro-mirror device 

187 and the refracting optical lens 188 is refracted first on the plane of 
incidence/emission 191I(j> of the lens layer 191, then passes therethrough, and 
strikes on the front surface 189F of the convex mirror 189. And the light 
reflected off the front surface 189F of the convex mirror 189 is transmitted 

15 through the lens layer 191 again and refracted on its plane of 
incidence/emission 191I(|> to the plane mirror or screen (not shown). 

That is, the light directed to and reflected back by the convex mirror 
189 undergoes an optical action according to the shape or medium of the 
plane of incidence/emission 191Ic|> of the lens layer 191. Accordingly, 

20 appropriate designs of the surface configuration and material (refractive index, 
dispersive power) of the lens layer 191 will permit more precise path control. 

As described above, according to this embodiment, since the front 
surface 189F of the convex mirror 189 is covered with the lens layer 191, 
appropriate selections of the shape, refractive index and dispersive power of 

25 the plane of incidence/emission 191Icj) of the lens layer 191 increases the 
flexibility of path designing, providing increased precision in path control. 
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EMBODIMENT 22 

An image display device cabinet is often designed making effective 
use of a plurality of slanting surfaces. This is intended to make a flattened 
image display device look flatter. 
5 Fig. 90 shows an outward appearance of a cabinet in which the image 

display device of each embodiment is housed, Figs. 90(a), (b) and (c) being 
front, side and top plan views, respectively. For brevity sake, the optical 
components from the illumination light source system to theconvex mirror 
are not shown. 

10 Reference numeral 192 denotes a screen; 193 denotes an under-the- 

screen part in which the optical components not shown are housed; 194 
denotes a cabinet front portion defined by the screen 192 and the under-the- 
screen part 193; 195 denotes a plane mirror (plane mirror 22 in Fig. 4, see 
Embodiment 1) placed in parallel to the screen 192; 196 denotes a cabinet 

15 rear portion in which the plane mirror 195 is housed; 197U, 197L and 197R 
denote slanting surfaces of upper and left- and right-handed portions (upper 
slanting surface, left-handed slanting surface and right-handed slanting 
surface) of the cabinet; and 198 denotes the bottom of the image display 
device. 

20 The height of the cabinet front portion 194 is determined by the height 

of the screen 192 and the height of the under-the-screen portion 193, and the 
width of the cabinet front portion 194 is determined by the width of the screen 
192. The height and width of the cabinet rear portion 196 are determined by 
the height and width of the plane mirror 195. In this case, however, the 

25 dimensions of the cabinet rear portion 196 are not always be determined by 
the plane mirror 195; when the plane mirror 195 is not used according to the 
configuration of the image display device, the geometries of the cabinet rear 
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portion 196 are determined by the convex mirror or the like. 

The height and width of the cabinet rear portion 196 are smaller than 
the height and width of the cabinet front portion 194 because the screen 192 is 
provided in the latter. Similar comments apply to ordinary image display 
5 devices. 

The cabinet depicted in Fig. 90 is designed so that three slanting 
surfaces 197U, 197L and 197R and the horizontal bottom 198 surround the 
space defined by the large cabinet front portion 194 and the small cabinet rear 
portion 196 between them. The cabinet front portion 194 and the cabinet 
10 rear portion 196 have shapes obtained by cutting off corners of rectangular 
prisms by the left- and right-handed slanting surfaces 197L and 187R, 

respectively (Fig. 90(c)). 

Such a structure offers an unobstructed view of the cabinet rear 

portion 196 when the image display device is viewed diagonally (from the 
15 direction of the arrow in Fig. 90(c)~this gives a visual impression of the 

reduced thickness of the image display device. As compared with the case 

of combining box-shaped cabinets into a multi-screen structure, if the screens 

192 are held in the same plane, the slanting surfaces are not contiguous; 

therefore, the image display device having the slanting surfaces 197U, 197L 
20 and 197R is difficult to implement the multi-screen structure (Embodiment 

14). 

The image display device of this embodiment employs a cabinet 
designed to realize the multi-screen structure as described below. 

Fig. 91 depicts an outward appearance of the cabinet of the image 
25 display device according to a twenty-second embodiment (Embodiment 22) 
of the present invention, Figs. 91(a), (b) and (c) being its front, side and top 
plan views. The parts corresponding to those in Fig. 90 are identified by the 
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same reference numerals. 

The cabinet of Fig. 91 is characterized by a structure in which corners 

194C and 196C of the cabinet front and rear portions 194 and 196 are not cut 

off by the slanting surfaces 197L and 197R, leaving planes 194P parallel to 
5 the screen 192 on the back of the front cabinet portion 194 (on the side near 

the cabinet rear portion 196) and planes 196V vertical to the screen 192 on 

both sides of the cabinet rear portion 196 (Fig. 91(c)). 

This structural feature gives visual impressions that the image display 

device is particularly flat, and at the same time, produces the following effects 
10 in combining two or more image display devices into a one-piece structure. 

Figs. 92 and 93 are a top plan and a perspective view showing the case 

of combining two image display devices into a one-piece structure. The 

parts corresponding to those in Figs. 90 and 91 are identified by the same 

reference numerals. In this case, the two image display devices are 
15 assembled in side by side relation to display a large image in the lateral 

direction. 

Reference numeral 199 denotes connectors of L-shaped cross section, 
which are used to connect the image display devices. In the left-hand one of 
the two combined display image devices in Fig. 92(a), the parallel surface 

20 194P on the right-hand side of the image display device and an end face (first 
end face) 199A of the connector 199 are connected, and the vertical surface 
196V on the right-hand side of the image display device and an end face 
(second end face) 199B of the connector 199 are connected (Fig. 92(b)). 
Similarly, another connector 199 are connected to the left-hand image display 

25 device, and then the two connectors 199 are coupled together through their 
connecting surfaces 199C. 

The end faces 199 A and 199B are perpendicular to each other, the 
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parallel surface 194P and the vertical surface 196V are have substantially the 
same area, and the end face 199B and the connecting surfaces 199C are 
parallel to each other. By virtue of such structural features, the image 
display devices can be assembled into a one-piece structure with high 

5 accuracy and with high efficiency as in the case of assembling image display 
devices housed in box-shaped cabinets. 

The above advantage is obtained by providing the parallel and vertical 
surfaces 194P and 196V in the cabinet of the image display device so as to 
allow the use of the connector 199. In the cabinet of Fig. 90, forces that are 

10 applied by the slanting surfaces 197L and 197R to the connector act in 
directions in which they are displaced from each other; hence, the above- 
mentioned advantage cannot readily be obtained. 

A through hole 199H is drilled through the connecting surface 199c 
and a rear panel 199D of the connector 199 so that exhausting air and heat 

15 and cabling can be carried out using the space defined by the connector 199 
and the slanting surfaces 197L and 197R (Fig. 93). 

In this instance, the air and heat exhausting and cabling are carried out 
through the slanting surfaces 197L and 197R. With cables run through the 
holes 199H, the back of the image display device becomes completely flat, 

20 and hence can be held in close contact with, for example, a wall surface of a 
room. 

The vertical height of the connector 199 is not particularly limited, and 
is usually smaller than the height of the image display device. 

Fig. 94 shows the case where four image display devices are 
25 assembled into a one-piece structure, Figs. 94(a) and (b) being a front 
perspective and a rear perspective view. The parts corresponding to those in 
Figs. 90 to 93 are identified by the same reference numerals. In this example, 



two pairs of image display devices assembled in side by side relation are 
prepared. The image display devices of the one pair are mounted upside 
down on the image display devices of the other pair with a view to providing 
an image display large in both vertical and horizontal directions. 

5 In Fig. 94, air and heat exhausting and cabling can be carried out using 

a space defined by the slanting surfaces 197U of the upper and lower image 
display devices. In this case, too, the image display device assembly can be 
held in close contact with the wall of a room, for instance. Besides, by 
connecting the upper and lower image display devices with end faces of the 

10 slanting surfaces 197U of the connectors 199 in contact with each other, the 
upper and lower image display devices can be arranged with accuracy, with 
ease and in a short time. In order to couple the upper and lower image 
display devices with third end faces of the connectors 199 held in contact, the 
connectors 199 have the same height as that of each image display device and 

15 the third end faces are formed perpendicular to the screen (the third end faces 
being perpendicular to the end faces 199A and 199B). 

As described above, according to this embodiment, the image display 
device is housed in a cabinet that is provided with: the cabinet front portion 
194 disposed on the bottom panel 198 and having provided therein the screen 

20 192; the cabinet rear portion 196 disposed on the bottom panel 198 and 
having housed therein the plane mirror 195; and the slanting surfaces 197U, 
197L and 197R provided between the cabinet front portion 194 and the 
cabinet rear portion 196. The slanting surfaces 197L and 197R are formed 
in a manner to leave the parallel surfaces 194P parallel to the screen 192 in 

25 the cabinet front portion on the side near the cabinet rear portion 196 and the 
vertical surfaces 196V perpendicular to the screen 192. This cabinet 
structure accurate and efficient assembling of image display devices into a 
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one-piece structure. 

Further, according to this embodiment, the connector 199, which has 
the end face 199 A for connection with either one of the parallel surfaces 194P 
on the left- and right-hand sides of each image display device, the end face 

5 199B for connection with the vertical surface 199V on the same side as the 
parallel surface 194P and the connection surface 199C parallel to the end face 
199B, is connected to such a connector 199 of another image display device. 
This cabinet structure accurate and efficient assembling of image display 
devices into a one-piece structure as in the case of assembling image devices 

10 housed in box-shaped cabinets. 

Further, according to this embodiment, since air and heat exhausting 
and cabling are led out of the cabinet through the slanting surfaces 197U, 
197L and 197R, the image device assembly can be held in close contact with 
the wall of a room, for instance. When the display image assembly is placed 

15 with its back kept up against the wall and its upper and lower portions open, a 
triangular space defined by the connector 199 and the slanting surface 197R 
(197L) can be used a heat exhausting duct in the vertical direction. The 
triangular space functions as a chimney, providing increased heat exhausting 
efficiency. 

20 While the foregoing embodiments have been described to use micro- 

mirror device as the spatial light modulator, liquid crystal may also be used as 
the spatial light modulator. In such case, too, it is possible to obtain an 
image display device that is flatter than conventional image display devices 
using liquid crystal. 

25 As described previously with reference to Embodiment 1, various 

spatial light modulators other than the micro-mirror device and liquid crystal 
can be used in the present invention. 
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Moreover, as depicted in Figs. 3 and 13, according to the present 
invention, the whole optical system is rotationally symmetric about the optical 
axis common to the refracting optical lens and the convex mirror. In view of 
the fact that when the optical axis is not made common to the refracting 
5 optical lens and the convex mirror, the optical system becomes asymmetric 
with respect to the optical axis, such a common use of the optical axis allows 
ease in fabricating the refracting optical lens and the convex mirror by 
rotational molding, and facilitates adjusting alignment as well. 

10 EFFECT OF T TTF. INVENTION 

As described above, according to an aspect of the present invention, 
there is provided an image display device which comprises projecting optical 
means composed of a reflecting part for reflecting the optical image signal, 
and a refracting optical part for correcting for a distortion if the reflecting part 

15 has the distortion and for projecting the optical image signal onto the 
reflecting part, and wherein said display means receives said optical image 
signal through said projecting optical means. It is therefore possible to 
compensate for the distortion of the optical image signal by the reflecting part 
and display a magnified image on the display means. This permits 

20 placement of the display means at the position optimal for reduction of the 
depth dimension of the image display device, and hence brings about an effect 
of making the depth dimension of the image display device smaller depth 
dimension than in the past. 

According to another aspect of the present invention, there is provided 

25 an image display device which comprises projecting optical means 
composed of a reflecting part having a reflecting surface for reflecting the 
optical image signal, and a refracting optical part having a refracting surface 
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for projecting said optical image signal onto the reflecting part, and wherein 
the display means receives the optical image signal through the projecting 
optical means and at least one of the reflecting surface and the refracting 
surface is aspherical. Accordingly, it is possible to reduce the depth 

5 dimension of the image display device and correct for distortion of light to be 
projected onto the display means. 

According to another aspect of the present invention, transmitting 
means comprises an illumination light source part for emitting illumination 
light, and a reflecting type image information providing part for receiving the 

10 illumination light emitted from the illumination light source part and for 
providing image information to the illumination light and reflecting the 
illumination light as the optical image signal. Accordingly, the illumination 
light source can be disposed on the side of the reflecting surface of the 
reflecting type image information providing part that emits an optical signal- 

15 this permits implementation of an image display device of a smaller depth 
dimension that the conventional image display device using a liquid crystal or 
similar transmitting type spatial light modulator. 

According to another aspect of the present invention, the reflecting 
part has a rotationally symmetric aspherical surface for reflecting the optical 

20 image signal transmitted from the transmitting means. The reflecting part 
can easily be manufactured by mirror-finish lathing-this permits substantial 
reduction of manufacturing costs. 

According to another aspect of the present invention, since the 
reflecting part is a convex mirror of negative power, the reflecting part can 

25 easily be fabricated. 

According to. another aspect of the present invention, since the 
reflecting part is a Fresnel mirror of negative power, it is possible to magnify 
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an image without the need for correcting for distortion by a refracting optical 
part-this facilitates design and fabrication of an image display devices, and 
permits further reduction of the depth dimension of the image display device. 
According to another aspect of the present invention, the reflecting 
5 part has a reflecting surface that is formed by a low dispersive medium and a 
high dispersive medium stacked in the direction in which to transmit the 
optical image signal sent from the transmitting means, has a negative power 
and reflects the optical image signal havingpassed through the low and high 
dispersive media. With such an arrangement, an optical signal can be 
10 projected over a wide angle by a reflecting surface of a gentle convex 
configuration, and the distortion by the reflecting surface can be compensated 
for in the optical element by adjusting the thicknesses of the low dispersion 
glass and the high dispersion glass-this allows ease in compensating for the 
distortion. 

15 According to another aspect of the present invention, since the 

reflecting part has a reflecting surface formed so that its convex curvature is 
large around an optical axis and becomes smaller toward the periphery of the 
reflecting surface, it is possible to further correct for distortion of light that is 
projected onto the display means* 

20 According to another aspect of the present invention, since the 

reflecting part has an odd-order aspherical reflecting surface obtained by 
adding odd-order terms to a polynomial composed of even-order terms, it is 
possible to realize a projecting optical system capable of correcting for 
distortion and achieving an excellent image formation characteristic for light 

25 projected from an off-axis position. 

According to another aspect of the present invention, since the 
refracting optical part has odd-order aspherical refracting surfaces obtained by 



145 

adding odd-order terms to a polynomial composed of even-order terms, it is 
possible to locally modify the configuration of the refracting surface, 
facilitating reduction of distortion and permitting improvement in the off-axis 
image formation performance. 

According to another aspect of the present invention, since the 
reflecting part or refracting optical part reflects or refracts the optical image 
signal by the reflecting or refracting surface except around the optical axis of 
the reflecting or refracting part, excellent image formation performance can 
be achieved. 

According to another aspect of the present invention, since the 
refracting optical part is provided with a curvature-of -field correcting means 
for canceling a curvature of field of the reflecting part, it is possible to correct 
for distortion and display an image corrected for curvature of field. 

According to another aspect of the present invention, since the 
refracting optical part is provided with a positive lens of positive power, a 
negative lens of negative power and having a refractive index lower than that 
of the positive lens, and a Petzval's sum correcting lens for correcting for a 
Petzval's sum contributing component of said reflecting part, it is possible to 
correct for distortion and correct for a curvature of field by meeting the 
Petzval's condition—this provides increased image formation performance. 

According to another aspect of the present invention, since the 
projecting optical means has an aspherical optical surface at places where 
principal rays of the optical image signal to be projected onto the reflecting 
part from the transmitting means are divergent and/or convergent, it is 
possible to effectively reduce a curvature of field at the place where the 
principal rays are convergent and distortion at the place where the principal 
rays are divergent. 
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According to another aspect of the present invention, the projecting 
optical means is provided with path-bending means for reflecting the optical 
image signal from the refracting optical part to the reflecting part, and since 
the optical axis of the refracting optical part is bent at an appropriate angle in 
5 a horizontal plane containing the optical axis of the reflecting part, it is 
possible to reduce the depth dimension of the image display device and the 
height of the under-the screen portion. 

According to another aspect of the present invention, since the 
projecting optical means is provided with path-bending means for reflecting 
10 the optical image signal from first lens means to second lens means, it is 
possible to further reduce the depth dimension of the image display device 
and the height of the under-the screen portion. 

According to another aspect of the present invention, since the 
refracting optical part has at least one lens formed of synthetic resin, it is 
15 possible to increase productivity of the refracting optical part, cutting the 
manufacturing costs of the image display device. 

According to another aspect of he present invention, since the 
refracting optical part and the reflecting part are rotationally symmetric about 
an optical axis made common to them, it is possible to easily fabricate them 
20 through rotational formation and adjust them into alignment with each other. 

According to another aspect of the present invention, since a plane 
mirror is provided to reflect the optical signal from the projecting optical 
means to the display means, it is possible to achieve thickness reduction of the 
image display device through maximum utilization of the space therein. 
25 According to another aspect of the present invention, shce a light 

receiving surface of said display means and a reflecting surface of said plane 
mirror are held in parallel to each other, it is possible to achieve thickness 
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reduction of the image display device. 

According to another aspect of the present invention, the refracting 
optical part comprises a retro-focus optical system composed of a positive 
lens group of positive power and a negative lens group of negative power, and 
a refracting optical lens for fine-tuning the angle of emission of the optical 
image signal from the retro-focus optical system to the reflecting part. With 
such an arrangement, it is possible to suppress the occurrence of distortion 
and curvature of field and reduce the depth dimension of the image display 
device. 

According to another aspect of the present invention, since the retro- 
focus optical system is composed of two positive lens groups and one 
negative lens group, it is possible to suppress the occurrence of distortion and 
curvature of field and reduce the depth dimension of the image display 
device. 

According to another aspect of the present invention, the retro-focus 
optical system is composed of one positive lens group and one negative lens 
group, it is possible to suppress the occurrence of distortion and curvature of 
field and reduce the depth dimension of the image display device. 

According to another aspect of the present invention, the refracting 
optical part comprises negative lenses having an average value of refractive 
indexes in the range of 1.45 to 1.722 and having negative power, and positive 
lenses having an average value of refractive indexes in the range of 1 .722 to 
1.9 and having positive power. With such an arrangement, it is possible to 
suppress the occurrence of distortion and curvature of field and reduce the 
depth dimension of the image display device. 

According to another aspect of the present invention, the refracting 
optical part comprises negative lenses having an average value of Abbds 
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number in the range of 25 to 38 and having negative power, and positive 
lenses having an average value of Abbe's number in the range of 38 to 60 and 
having positive power. With such an arrangement, it is possible to suppress 
the occurrence of distortion and curvature of field and reduce the depth 
5 dimension of the image display device. 

According to another aspect of the present invention, the refracting 
optical part comprises positive lenses made of glass materials and negative 
lenses made of glass materials, the difference between average refractive 
indexes of the glass materials for the positive and negative lenses is in the 

2 10 range of 0.04 to 1. With such an arrangement, it is possible to suppress the 
Ul occurrence of distortion and curvature of field and reduce the depth 

3 dimension of the image display device. 

£ According to another aspect of the present invention, the refracting 

U optical part comprises positive lenses made of glass materials and negative 

f} 15 lenses made of glass materials, the difference between average Abbe's 
2 number of the glass materials for the positive and negative lenses is in the 

^ range of 0 to 16. With such an arrangement, it is possible to suppress the 

occurrence of distortion and curvature of field and reduce the depth 
dimension of the image display device. 
20 According to another aspect of the present invention, a back focal 

length from the closest one of a plurality of lenses forming the refracting 
optical part to a light emitting surface of the transmitting means to the light 
emitting surface is equal to the distance from the light emitting surface of the 
transmitting means to the position of an entrance pupil of the refracting 
25 optical part. With such an arrangement, it is possible to minimize the 
diameter of the lens and minimize shading of light, providing increased 
illumination efficiency. 
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According to another aspect of the present invention, since the 
projecting optica] means has negative lenses of negative power provided at 
the position of low marginal ray, it is possible to easily satisfy thePetzval's 
condition by generating the negative Petzval's sum contributing component 
5 that cancels the positive Petzval's sum contributing component of the 
projecting optical system, without the need for considering the lens effect of 
the negative lens on the light passing therethrough. Hence, the curvature of 

field can be reduced. 

According to another aspect of the present invention, since the angle 

10 of bending the optical axis of the refracting optical part is set such that the 
refracting optical part is as close to a path from the path-bending means to the 
reflecting part as possible without intercepting the optical path, it is possible 
to suppress the height of the under-the-screen portion while satisfying the 
constraint of the thickness limiting value but without casting a shadow on the 

15 screen. 

According to another aspect of the present invention, since the angle 
of bending the optical axis of the first lens means is set such that the first lens 
means is as close to a path from the path-bending means to the second lens 
means as possible without intercepting the optical path, it is possible to 
20 suppress the height of the under-the-screen portion while satisfying the 
constraint of the thickness limiting value but without casting a shadow on the 
screen. 

According to another aspect of the present invention, since the longest 
distance from the refracting optical part to a reflecting part placement plane is 
25 chosen within a range smaller than a thickness limiting value, it is possible to 
suppress the height of the under-the-screen portion while satisfying the 
constraint of the thickness limiting value but without casting a shadow on the 
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screen. 

According to another aspect of the present invention, since the 
longer one of the longest distance from a reflecting part placement plane to 
the path-bending means and the longest distance from the reflecting part 
5 placement plane to the refracting optical part is equal to a thickness limiting 
value, it is possible to suppress the height of the under-the-screen portion 
while satisfying the constraint of the thickness limiting value but without 
casting a shadow on the screen. 

According to another aspect of the present invention, since the longest 
10 distance from a reflecting part placement plane to the path-bending means and 
the longest distance from the reflecting part placement plane to the refracting 
optical part are equal to each other, the under-the-screen portion can be 
minimized. 

According to another aspect of the present invention, since the 
15 refracting optical part has a shape obtained by removing a non-transmitting 
portion that does not transmit the optical image signal, it is possible to dispose 
the refracting optical part closer to the path from the path-bending reflector to 
the reflecting part and further reduce the height of the under-the-screen 
portion while satisfying the constraint of the thickness limiting value. 
20 According to another aspect of the present invention, since the 

reflecting part has a shape obtained by removing a non-reflecting portion that 
does not reflect the optical image signal to the display means, the reflecting 
part can be formed small accordingly, making it possible to cut the 
manufacturing cost of the image display device and permit effective use of the 
25 space inside the image display device. Further, two convex mirror, equally 
divided from one convex mirror obtained by rotational formation, can be used 
in two image display devices. 
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According to another aspect of the present invention, since a retaining 
mechanism is used for retaining the refracting optical part and the reflecting 
part as a one-piece structure, it is possible to fix the relative positions of the 
refracting optical part and the reflecting part, permitting accurate formation of 
5 paths between optical components and hence further stabilizing the 
performance of the image display device. 

According to another aspect of the present invention, a retaining 
mechanism is used for retaining the refracting optical part, the path-bending 
means and the reflecting part as a one-piece structure, it is possible to fix their 
10 relative positions, permitting accurate formation of paths between optical 
components and hence further stabilizing the performance of the image 
display device. 

According to another aspect of the present invention, since the 
refracting optical part has positive lenses of positive power provided at the 

15 position of high marginal ray, it is possible to suppress the positive Petzval's 
sum contributing component of the projecting optical system through 
effective utilization of the lens action of the positive lens, permitting 
reduction of the curvature of field. 

According to another aspect of the present invention, letting hi 

20 represent the height of the marginal ray of light incident to the refracting 
optical part, hm the maximum height of the marginal ray in a positive lens 
disposed at the center of the refracting optical part and ho represent the height 
of the marginal ray of light emitted from the refracting optical part, the 
refracting optical part satisfy the relationships 1.05hi<hm<3hi and 

25 0.3hi<ho<lhi. With such an arrangement, it is possible to suppress the 
positive Petzval's sum contributing component of the projecting optical 
system and hence reduce the curvature of field. Furthermore, the lens 



diameter of the light emitting portion of the refracting optical part can be 
reduced, providing a margin in the range of insertion of the path-bending 
reflector. 

According to another aspect of the present invention, the projecting 

5 optical means has poor optical performance in an unused area around its 
optical axis but has high image formation performance in an area to be used 
other than that around the optical axis. This relaxes the limitations on the 
refractive index and dispersion characteristic of the optical material for the 
refracting optical lens 87, increasing flexibility in its design and hence 

10 providing increased image formation performance. 

According to another aspect of the present invention, since the 
projecting optical means is adapted so that an image-forming position at the 
center of the optical axis and an image-forming position around the optical 
axis are not in the same plane, it is possible to increase flexibility in the 

15 design of the refracting optical part, permitting implementation of an image 
display device of excellent image formation performance. 

According to another aspect of the present invention, since the 
projecting optical means allows distortion in the vicinity of the center of the 
optical axis to increase the image formation performance of the area to be 

20 used, it is possible to reduce relative distortion to sides of the screen except 
one side nearest to the optical axis, preventing the corresponding boundary 

portions from being curved. 

According to another aspect of the present invention, since the 
projecting optical means limits the range of degradation of the optical 
25 performance to the range of the field angle related only to the base of the 
screen, it is possible to limit the influence of distortion only to the base 
around the optical axis and hence form a correct rectangular image on the 
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other three sides. Further, in the case of a multi-display with two display 
devices placed one on the other and three or more display devices arranged 
side by side, no overlapping of pictures or splitting of a picture occurs at the 
joints of display screens. 

5 According to another aspect of the present invention, since a plane 

mirror for reflecting the light from theprojecting optical means to the display 
means has a shape that corrects for distortion of the projecting optical means, 
it is possible to correct for distortion throughout the image display device. 

According to another aspect of the present invention, the refracting 

10 optical part has a construction in which an exit pupil of light emitted toward 
the central area of the reflecting part around the optical axis thereof and an 
exit pupil of light emitted toward the peripheral area of the reflecting part are 
spaced apart to thereby adjust the position and angle of incidence of the 
emitted light toward the reflecting part. Accordingly, it is possible to 

15 suppress warping of the peripheral portion of the reflecting part and hence 

suppress curvature of field. 

According to another aspect of the present invention, since the 

reflecting part has a uniform thickness from its front surface as a reflecting 

surface for reflecting the optical image signal to the rear surface provided 
20 behind the front surface, it is possible suppress a configuration change of the 

front surface by a temperature change, enhancing the environmental 

characteristics of the image display device. 

According to another aspect of the present invention, the 

reflecting part has a planar low-reflectivity surface provided on a non- 
25 projecting front surface about the optical axis of the reflecting part and a 

planar high-reflectivity surface smaller in area than the low-reflectivity 

surface and provided in the low-reflectivity surface about the optical axis. 
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Accordingly, it is possible to produce the virtual optical axis through 
monitoring of power by a detector and calculations and hence facilitate 
alignment of the convex mirror and the refracting optical lenses inassembling 
the image display device. 
5 According to another aspect of the present invention, the transmitting 

means is provided with a cover glass for protecting an image information light 
emitting surface and a compensator glass of an optical thickness that 
decreases or increases as a change in the optical thickness of the cover glass 
increases or decreases, the transmitting means emitting the image information 

10 light to the refracting optical part through the cover glass and the compensator 
glass. Hence, the thickness variation of the cover glass 14 can be canceled 
and the reflecting surface of the micro-mirror device 14 can be regarded as 
being protected by a glass medium of a fixed optical thickness at all times. 
This permits utilization of the illumination light source system, the refracting 

15 optical lens 76 and the convex mirror 77 without involving design changes. 

According to another aspect of the present invention, since the 
refracting optical part is provided with means for detachably mounting the 
compensator glass on the side of incidence of the illumination light from the 
transmitting means, a compensator glass of the optimum thickness can be 

20 used to deal with thickness changes and variations of the cover glass. 

According to another aspect of the present invention, the image 
display device further comprises a bottom perpendicular to the reflecting 
surface of the plane mirror and the light receiving surface of the display 
means, and an optical component is disposed in a space defined by segments 

25 joining: a first point present on the base of a square image displayed on the 
display means and the farthest from the center of the image; a second point on 
the plane mirror to which light toward the first point is reflected; a third point 
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on the reflecting part to which light toward the second point is reflected; a 
first projected point by projecting the first point to the bottom from the 
direction normal to the bottom; a second projected point by projecting the 
second point to the bottom from the direction normal to the bottom; and a 
5 third projected point by projecting the third point from the direction normal to 
the bottom. The height of the under-the-screen portion can be suppressed by 
simultaneously fulfilling the constraint of the depth dimension of the image 
display device defined by the plane mirror and the display means. 

According to another aspect of the present invention, the transmitting 
5 10 means comprises: a converging optical system principal part composed of an 
E illumination light source part for emitting illumination light, a color wheel for 

W coloring emitted light from the illumination light source part in three primary 

it''""!; 

W colors one after another, a rod integrator for receiving the illumination light 

from the illumination light source part and for emitting illumination light of a 
111 15 uniform illuminance distribution from a light emitting surface, and a relay 
□ lens for relaying the illumination light from the rod integrator; a field lens for 

JI directing principal rays of the illumination light from the relay lens to the 

same direction; and a reflecting type image information providing part for 
providing image information to the illumination light from the field lens. 
20 The converging optical system principal part is disposed as the optical 
component in the space, and is further provided with second and third path- 
bending means for reflecting the illumination light from the converging 
optical system principal part to the field lens. Accordingly, it is possible to 
converge light on the reflecting type spatial light modulator by the converging 
25 optical system principal part disposed in the above-said space. 

According to another aspect of the present invention, since the optical 
axis of the converging optical system principal part is parallel to the light 
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receiving surface of the display means and the bottom, it is possible to adapt 
the image display device for various usage patterns by suppressing the height 
of the under-the-screen portion without reducing the useful life of the 
illumination light source system. 
5 According to another aspect of the present invention, the optical axis 

of the converging optical system principal part is parallel to the lightreceiving 
surface of the display means and is tilted so that the intersection point of the 
illumination light source part and the optical axis is higher than the 
intersection point of the relay lens and the optical axis in the vertical direction. 
S 10 Accordingly, it is possible to adapt the image display device for various usage 
5 patterns by suppressing the height of the under-the-screen portion without 

5 reducing the useful life of the illumination light source system. 

W According to another aspect of the present invention, the transmitting 

a = means is provided with an adjustment table for mounting the converging 

ff ! 15 optical system principal part and the field lens, the adjustment table having a 
b hole for receiving the third path-bending means. This permits further 

P reduction of the height of the under-the-screen portion. 

According to another aspect of the present invention, since at least one 
of the second and third path-bending means has a curved optical surface, 
20 various modifications of its curved surface configuration furnishes freedom of 
ray control, making it possible to improve various optical performance 
features. 

According to another aspect of the present invention, since the 
reflecting part is made of synthetic resin, its aspeherical or similar surface 
25 configuration of the convex mirror can be easily formed and the reflecting 
part can be mass-produced at low cost. 

According to another aspect of the present invention, the reflecting 

i 
i 
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part is rectangular in front configuration viewed form the direction of its 
optical axis, a nonreflecting portion of the reflecting part that does not reflect 
the optical image signal to the display means being removed. The reflecting 
part is provided with: a first screwing part provided on the lower side of the 

5 rectangular front configuration close to but spaced a predetermined eccentric 
distance apart from the optical axis of the reflecting part and pivotally secured 
to a first reflecting part mounting mechanism; a second screwing part 
provided on another side of the rectangular front configuration andslidably 
held on a second reflecting part mounting mechanism; and a third screwing 

10 part provided still another side of the rectangular front configuration and 
slidably secured to a third reflecting part mounting mechanism. With such 
an arrangement, it is possible to prevent deformation of the reflecting part and 
displacement of its optical axis by thermal expansion/contraction due to a 
temperature change; accordingly, the optical performance of the image 

15 display device can be prevented from degradation. 

According to another aspect of the present invention, the first 
reflecting part mounting mechanism and said first screwing part are screwed 
together by a taper screw and each have a screw hole conforming to a tapered 
portion of said taper screw. This ensures pivotal securing of the first 

20 screwing part. 

According to another aspect of the present invention, the reflecting 
part is rectangular in front configuration viewed form the direction of its 
optical axis, a nonreflecting portion of the reflecting part that does not reflect 
the optical image signal to the display means being removed. The reflecting 

25 part is provided with: a recess provided on the lower side of the rectangular 
front configuration close to but spaced a predetermined eccentric distance 
apart from the optical axis of the reflecting part; a cylindrical support for 
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engagement with the recess; two springs fixed at one end to the reflecting part 
on both sides of the recess, for biasing the reflecting part; a second screwing 
part provided on another side of the rectangular front configuration and 
slidably held on a second reflecting part mounting mechanism; and a third 

5 screwing part provided still another side of the rectangular front configuration 
and slidably secured to a third reflecting part mounting mechanism. With 
such an arrangement, it is possible to prevent deformation of the reflecting 
part and displacement of its optical axis by thermal expansion/contraction due 
to a temperature change; accordingly, the optical performance of the image 

10 display device can be prevented from degradation. 

According to another aspect of the present invention, the reflecting part is 
rectangular in front configuration viewed form the direction of its optical axis, 
a nonreflecting portion of the reflecting part that does not reflect the optical 
image signal to the display means being removed. The reflecting part is 

15 provided with: protrusion provided on the lower side of the rectangular front 
configuration close to but spaced a predetermined eccentric distance apart 
from the optical axis of the reflecting part; a V-grooved support having a V- 
shaped groove for engagement with the protrusion; two springs fixed at one 
end to the reflecting part on both sides of the protrusion, for biasing the 

20 reflecting part; a second screwing part provided on another side of the 
rectangular front configuration and slidably held on a second reflecting part 
mounting mechanism; and a third screwing part provided still another side of 
the rectangular front configuration and slidably secured to a third reflecting 
part mounting mechanism. With such an arrangement, it is possible to 

25 prevent deformation of the reflecting part and displacement of its optical axis 
by thermal expansion/contraction due to a temperature change; accordingly, 
the optical performance of the image display device can be prevented from 
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degradation. 

According to another aspect of the present invention, since the 
reflecting part is provided with two springs fixed at one end to the reflecting 
part on both sides of the first screwing part and at the other end to a common 
5 point, for biasing the reflecting part. With such an arrangement, when the 
image display device is placed upside down, the stresses that concentrate on 
the first screwing part 136 can be distributed to the springs 143 -this provides 
increased reliability of the firs screwing part 136. 

According to another aspect of the present invention, since the first, 
10 second and third screwing parts hold the reflecting part with its reflecting 
front surface in contact with the first, second and third reflecting part 
mounting mechanisms, the reflecting surface of the reflecting part can be 
positioned with high precision. 

According to another aspect of the present invention, the image 
15 display device further comprises: two sliding supports mounted on the 
retaining mechanism, for slidably supporting all or some of lenses of the 
refracting optical part; a first mounting plate disposed between the two sliding 
support and fixed to the retaining mechanism; a second mounting plate 
disposed between the two sliding supports and fixed to the lower ends of all 
20 or some of the lenses of the refracting optical part; and a piezoelectric element 
held between the first and second mounting plates and expanding or 
contracting in the direction of the optical axis of the refracting optical part as 
a control voltage applied to the piezoelectric element increases or decreases. 
With such an arrangement, it is possible to make focus adjustments to deal 
25 with defocusing due to a temperature variation. 

According to another aspect of the present invention, the image 
display device further comprises a gear mechanism supported on a gear 
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support provided on the retaining mechanism, for moving the reflecting part, 
or all or some of lenses of the refracting optical part in the direction of the 
optical axis of the refracting optical part. With such an arrangement, it is 
possible to make focus adjustments to deal with defocusing due to a 

temperature variation. 

According to another aspect of the present invention, since the image 
display device further comprises a heater/cooler for heating/cooling at least 
one of the refracting optical part held on the retaining mechanism and the 
retaining mechanism, it is possible, by suppressing temperature gradients, to 
make focus adjustment to deal with defocusing due to temperature variations. 

According to another aspect of the present invention, the image 
display device further comprises: a temperature sensor for sensing a lens- 
barrel temperature of the refracting optical part; a temperature sensor for 
sensing the internal temperature of the retaining mechanism; and a control 
unit for controlling at least one of the piezoelectric element, the gear 
mechanism and the heater/cooler according to a focus-compensation amount 
calculated from the lens-barrel temperature and the internal temperature. 
With such an arrangement, it is possible to make focus adjustment to deal 
with defocusing due to temperature variations. 

According to another aspect of the present invention, the image 
display device further comprises: a temperature sensor for sensing an 
environmental temperature; and a control unit for controlling at least one of 
the piezoelectric element, the gear mechanism and the heater/cooler according 
to a focus-compensation amount calculated by adding the environmental 
temperature to a linear interpolation equation derived from at least two 
different focus adjustment points. Hence, it is possible to establish a one-to- 
one correspondence between environmental temperatures and focus values for 
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accurate focus adjustment. 

According to another aspect of the present invention, the image 
display device further comprises: a CCD for detecting focus information from 
light to be incident to a non-image-display area of the display means; and a 
5 control unit for controlling at least one of the piezoelectric element, the gear 
mechanism and the heater/cooler according to the result of analysis of the 
focus information. Hence, the focus can be adjusted based directly on 
defocusing without using temperature or similar secondary information. 

According to another aspect of the present invention, since the image 
3 10 display device further comprises a miniature reflector for reflecting to the 
m CCD the light to be incident to the non-image-display area of the display 

S means, it is possible to detect the focus information evenif the cabinet of the 

u image display device is placed in closest proximity to the image display area. 

^ According to another aspect of the present invention, since the control 

15 unit regards the intensity distribution of the light received by the CCD as 
5 focus information, analyzes a peak value of the focus information and effects 

"H- control to increase the peak value, the focus can be adjusted based directly on 

defocusing. 

According to another aspect of the present invention, since the control 
20 unit regards the intensity distribution of the light received by the CCD as 
focus information, analyzes the width of a predetermined level of the focus 
information and effects control to decrease the width of the predetermined 
level, the focus can be adjusted based directly on defocusing. 

According to another aspect of the present invention, since the control 
25 unit regards the intensity distribution of the light received by the CCD as 
focus information, analyzes the inclination of a shoulder of the focus 
information and effects control to increase the inclination, the focus can be 
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adjusted based directly on defocusing. 

According to another aspect of the present invention, the retaining 
mechanism is provided with a plurality of supports for supporting the 
refracting optical part and the reflecting part, the plurality of supports having 
5 the same product of their height and coefficient of linear expansion. Hence, 
it is possible to prevent the optical axis from displacement in the 
perpendicular direction. 

According to another aspect of the present invention, since the 
reflecting part has a high- or low-reflectivity surface, or a reflecting 

10 protrusion or reflecting recess that is high-reflectivity over the entire area of 
its reflecting surface, the optical system components can easily be adjusted 
into alignment with each other. 

According to another aspect of the present invention, since the 
reflecting part has a lens layer covering its front surface for reflecting said 

15 optical image signal, it is possible to increase the flexibility of path designing, 
providing increased precision in path control. 

According to another aspect of the present invention, the image 
display device comprising: a cabinet front portion provided on the bottom of a 
cabinet and having display means; a cabinet rear portion provided on the 

20 bottom; and upper slanting surface, a left-hand slanting surface and right-hand 
slanting surface provided between the cabinet front portion and the cabinet 
rear portion and defining a housing space together with the bottom. The left- 
and right-hand slanting surfaces leave left- and right-hand parallel surfaces 
parallel to the display means on the back of the cabinet front portion and 

25 perpendicular surface perpendicular to the display means on both side of the 
cabinet rear portion. With such an arrangement, it is possible to assemble a 
plurality image display device into a one-piece structure with high precision 
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and with high efficiency. 

According to another aspect of the present invention, the imagj 
display device further comprises a connector having a first end face for 
connection with either one of the left- and right-hand parallel surfaces, a 

5 second end face for connection to that one of the perpendicular surfaces on 
the same side of said either one of the parallel surfaces, and a connection face 
parallel to the second end face. The connection surface is coupled to a 
connection face of another connector. As is the case with assembling image 
display devices housed in box-shaped cabinets, it is possible, therefore, to 

10 assemble a plurality image display device into a one-piece structure with high 

precision and with high efficiency. 

According to another aspect of the present invention, the connector 
has the same height as that of the image display device and is provided with a 
third end face perpendicular to the first and second end faces, for connection 
15 to the another connector. Hence, image display devices can be placed one 
on the above. 

According to another aspect of the present invention, since air and 
heat are discharged or cables are extended out of the cabinet through the 
upper, left- and right-hand slanting surfaces, the image display device can be 

20 placed in close with the wall of a room, for instance. 

According to another aspect of the present invention, a method of 
adjustment for correct alignment comprises the steps of: applying rectilinearly 
propagating light to a reflecting part and adjusting the attitude of the 
reflecting part so that the outgoing path of said rectilinearly propagating light 

25 for incidence to a high-reflectivity surface of the reflecting part and the 
incoming path of the rectilinearly propagating light reflected by the high- 
reflectivity surface come into alignment with each other; and applying the 
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rectilinearly propagating light on the outgoing path to the high-reflectivity 
surface of the reflecting part through the refracting optical part, emitting from 
the refracting optical part the rectilinearly propagating light on the incoming 
path reflected by the high-reflectivity surface and adjusting the attitude of the 
5 refracting optical part to maximize the power of the rectilinearly propagating 
light emitted from the refracting optical part. Hence, the optical system 
components can be easily and systematically adjusted into alignment with 
each other. 

According to still another aspect of the present invention, a method of 

10 adjustment for correct alignment, which comprises the steps of: reflecting a 
bundle of parallel rays, applied perpendicularly to a jig display means and 
having passed through a first through hole, by a high-reflectivity surface of a 
reflecting part to bring outgoing and incoming paths of a bundle of parallel 
rays into alignment between the high-reflectivity surface and the first through 

15 hole; reflecting a bundle of parallel rays about an ideal optical axis of a 
refracting optical part by a path-bending reflector to the high-reflectivity 
surface to bring outgoing and incoming paths of the bundle of parallel rays 
into alignment between the high-reflectivity surface and the path-bending 
reflector; mounting, on a lens-holding flange, a holed reflector having a 

20 second through hole made in alignment with the optical axis of the refracting 
optical part, and reflecting a bundle of parallel rays about an ideal optical axis 
of the refracting optical part by the path-bending reflector to the high- 
reflectivity reflector through the second through hole, by which the direction 
of travel of the bundle of parallel ray reflected by the holed reflector and the 

25 direction of travel of the bundle of parallel rays on an incoming path reflected 
by the high-reflectivity surface to the path-bending reflector are brought into 
coincidence with each other; removing the holed reflector from the lens- 
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holding flange and placing the refracting optical part on the lens-holding 
flange instead; and placing an illumination light source part and an image 
information providing part at predetermined positions, rendering the 
illumination light from the illumination light source part by the image 
5 information providing part to an optical image signal, and applying the optical 
image signal via the refracting optical part, the path-bending reflector and the 
reflecting part to the jig display means to form an image of the optical image 
signal on the jig display means at a normal position. Hence, the optical 
system components can be easily and systematically adjusted into alignment 
10 with each other. 



